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This paper reports experiments on 
Ascaris columnaris of striped skunks, on 
an Ascaris from middle-western rac- 
coons, on another Ascaris from the 
badger, on Ascaris laevis from Alaskan 
marmots, and on Toxocara canis of 
dogs. Central nervous system damage 
in rodents caused by the occurrence of 
ascaris larvae in the brain and spinal 
cord has been reported (Tiner, 1949 
and 1951). The ascarid most patho- 
genic for the central nervous system of 
rodents is from the raccoon. Sprent 
(1950 and 1952) has experimented with 
A. columnaris and a variety of other 
ascarids, but to minimize unnecessary 
duplication in our studies, he did not 
work extensively on larvae in the brain 
or on the raccoon ascarid. 

The writer (1949) reported briefly on 
the finding of larvae from skunk and 
raccoon Ascaris in intermediate hosts, 
and he (1951) indicated that the ascar- 
ids from these hosts have respectively 
different larval behaviors in rodents. 
Sprent (1952) has shown that though 
the name A. columnaris applies to the 
skunk ascarid, it is not appropriate for 
the species in the fisher and marten, 
which he named Ascaris devosi. He 
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(1952) has also contributed much in- 
formation on the abundance of ascarid 
larvae in the tissues of experimental 
mice for the first 28 days after infecting. 
All ascarids from carnivores which 
have been tested will encapsulate in 
rodents. Raccoon, skunk, and marten 
ascarids can become established in final 
hosts when rodents containing encapsu- 
lated ascarids are eaten (Tiner, 1949 
and 1952; Sprent, 1952). 


METHODS 


Ascarid eggs used in this study were taken 
from the uteri of adult female worms, or were 
harvested from fecal suspensions by sedimenta- 
tion and flotation on saturated sodium chloride 
solution, and were incubated for at least 17 days 
in 1% formalin at room temperature before they 
administered to experimental rodents, 
usually white mice. Either before or after incu- 
bation, the albuminoid coats of the eggs were re- 
moved with 2% sodium hydroxide and 0.01% 
sodium hypochlorite solution to slow the sedi- 


were 


mentation rate of the eggs and thereby improve 
the uniformity of the suspension used for dosing. 
The laboratory mice to which larvae were fed 
had been given to the writer by Dr. B. V. Hall. 
Most of the mice had been used only in negative 
tumor transplant tests. However, the mice avail- 
able at the time that growth curves were deter- 
mined had survived LDgo total body exposure to 
X rays administered about 3 weeks before they 
were dosed with ascarid eggs. 

Mouse craniums were opened after the animals 
had been killed with chloroform or ether. Por- 
tions of the brain and cervical spinal cord were 
removed with scissors and pressed between glass 
into a film of tissue about 50 yw thick. Parts 
examined usually included the cervical spinal 
cord, the medulla, the cerebellum, and the ‘‘cere- 
bral region.”’ This last-named portion consisted of 
all parts anterior to a vertical cut between the 
optic lobes and the cerebellum. Larvae found in 
the pressed-out brain tissue were traced with a 
camera lucida and measured. 
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RESULTS AND DISCUSSION 


1. Migration of ascarid larvae fed to 
rodents 


The sites of frequent encapsulation 
or localization in mouse tissues that are 
peculiar to skunk, marmot, raccoon, 
and badger ascarids can be interpreted 
as “milestones” along or near the mi- 
gration pathway. 

The next five paragraphs consist of 
impressions gained and observations 
made by the writer during the exami- 
nation of about 500 experimental ro- 
dents during the past few years. Inter- 
pretation and discussion of these results 
conclude section 1. 

The skunk ascarid, A. columnaris, 
encapsulates abundantly on the caecum 
and along the colon. Such encapsulated 
larvae, representing about 10% of the 
total dose given, apparently had pene- 
trated the wall of the large intestine 
and remained in its musculature or 
beneath the serosa. Other skunk ascarid 
larvae complete a migration via the 
liver to the lungs, and from there many 
go out in the blood stream to the skele- 
tal muscles and occasionally to the 
brain. 


The marmot ascarid, A. laevis, pene- 
trates the intestinal wall and travels to 
the liver, where lesions can be observed 
beneath the capsule on the 4th day. 
At this time a few tiny pulmonary 


hemorrhage spots are present. The num- 
ber of these petechial hemorrhages in 
the lungs increases from the 5th to 7th 
days after A. laevis larvae have been fed. 
At least some of the liver lesions remain 
and become foci of necrosis in which 
nonencapsulated larvae freely move. 
These foci apparently did not inter- 
connect as each one contained a living 
larva. The marmot ascarid is the only 
ascarid which the writer has observed 
to produce these chronic liver lesions 
and to escape encapsulation. It is also 


true that other species of nematode 
larvae which happen to localize in the 
brain are almost never walled off, but 
this is because brain tissue does not 
tend to form fibrous connective tissue 
capsules. The marmot ascarid has not 
been seen in tissues other than 
and lungs of experimental mice. 

The badger ascarid sometimes en- 
capsulated abundantly in the mesentery 
of the small intestine of Peromyscus 
maniculatus artemisiae. It frequently 
encapsulated on the epicardial surfaces 
of this mouse. Slicing of the heart into 


liver 


1-mm thick sections usually failed to 
reveal additional the myo- 
cardium or adjacent to the endocardium. 
Ground squirrels, Citellus armatus, fed 
badger ascarids usually had similarly 
distributed encapsulations on the sur- 
face of the heart. They also had nu- 
merous capsules beneath the parietal 
pleura and on the diaphragm. This last 
mentioned tissue often had more larvae 
than any other part of the thorax, sug- 
gesting that larvae had reached it from 
the abdominal side as well as through 
the pleura. Ascarid larvae do not pene- 


cysts in 


trate far into striated muscle. They are 
usually found encapsulated just be- 
neath the parietal pleura and in the 
epicardium. 

The distribution of raccoon ascarid 
cysts in tree squirrels (Sciurus caro- 
linensis experimentally infected and 
Sciurus niger naturally infected) is 
particularly revealing of the wandering 
tendencies of migrating larvae. As men- 
tioned previously (Tiner, 1949), these 
larvae are in the thorax. Their most 
typical localization site is the walls of 
the caval veins, which they must have 
reached by one of two possible routes- 
either from the lumina of the veins, or 
by wandering from other organs in the 
thoracic cavity to the perivascular tis- 
sues. Regarding the first possibility, it is 
very doubtful that larvae could ever 
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the lumina. The di- 
ameter of these veins is great as com- 
pared to larval length, and it is improb- 
able that the blood would be sufficiently 
viscous or stationary to furnish traction 


penetrate from 


for the larvae to actively penetrate. 
Furthermore, the larvae encyst on 
anterior and posterior caval veins, and 
on the dorsal and ventral sides of the 


veins in approximately equal numbers. 
Should larvae be penetrating from the 
lumina of the veins, we would expect to 


find a larger number of cysts in the wall 
of the postcava, rather than the pre- 
cava. 

The second possibility has evidence 
in its favor. Badger ascarid larvae have 
been found widely distributed in the 
skeletal muscles of Citellus armatus, but 
they are most abundant in the inter- 
costal spaces just under the parietal 
pleura and in the diaphragm. Similarly 
located larvae have 
been found in infected tree squirrels. 


raccoon ascarid 
Both raccoon and badger ascarid larvae 
have been found on the external surface 
of the heart. These data suggest that 
carnivore ascarid larvae are able to leave 
the lungs by penetrating pleural sur- 
faces and crossing the pleural cavity. 
Any interpretation that ascarid larvae 
are able to leave the lungs by wandering 
into adjacent tissues necessarily sug- 
gests that such larvae also wander about 
in the lungs. Raccoon and_ badger 
like A. columnaris 
larvae in that they reach the lungs very 
rapidly 1952). Random 
wandering in lung tissue could easily 
take them into a venule, whence they 
would be carried back to the heart and 
out into the peripheral tissues with the 
arterial blood. This would account for 
the that Sprent 
(1952) has found to be typical for larval 
ascarids 


ascarid larvae are 


(see Sprent, 


somatic migration 
terrestrial carnivores. 
Chance wandering would be expected to 
take 


from 


some larvae into respiratory 
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bronchioles, and eventually onto the 
ciliated epithelium of the bronchi 
which would carry them up the trachea 
to the digestive tract. This chance entry 
into bronchioles could very well account 
for some of the smaller fraction (about 
one-fifth) of the A. columnaris and 
Ascaris mustelarum (now A. devost) 
larvae which Sprent (1952) has shown 
to be lost via the intestine of mice. 
The greater size of Ascaris lumbri- 
coides larvae reaching the lungs after a 
period of growth in the liver would also 
make their re-entry into the circulatory 
system less probable. Sprent’s (1952) 
charts show that there is a shift of A. 
columnaris and A. devosi larvae from 
the lungs to the peripheral tissues, and 
that this process begins almost 
mediately. 


im- 
Apparently it does not 
terminate until the end of the 2nd week. 
If the growth curve for the skunk 
ascarid applies to larvae in the lungs of 
mice as well as in brain tissue, then there 
is a possibility that larvae of minimal 
length (less than 0.4 mm long) are still 
leaving the lungs after 10 days. Such a 
shift of these smaller larvae could ac- 
count for the decrease of larvae in the 
lungs and the increase of larvae in the 
peripheral tissues. 


2. Distribution of larvae in the brain 


the investigation it was 
noticed that skunk or raccoon ascarid- 


Early in 


infected mice tended to have more lar- 
vae in the medulla than in any other 
part of the brain. Although this portion 
represented only one-fifth of the total 
mass, it often contained half the larvae 
present in the brain. This concentration 
of larvae in the medulla prevented 
answering the question of whether a 
mouse would be affected by a single 
larva in the cerebellum, diencephalon, 
or cerebrum. Mice sacrificed at 10 days 
frequently had larvae in the cerebrum 
and cerebellum, or in both the medulla 
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and in the other three portions into 
which the brain was divided. 

An experiment was set up to deter- 
mine the symptoms produced by a 
single larva in the cerebellum or cere- 
brum. Low dosages of raccoon ascarid 
larvae (about 28 per mouse) were given, 
and a set of 18 controls was killed and 
examined at 11 days in order to make 
sure that ‘‘cerebral’’ infections had been 
produced in the absence of other larvae 
in the brain. Brains of 8 mice contained 
no larvae, while those in the other 10 
were distributed as follows: Five mice 
had a total of 6 larvae present in the 
cerebral portions but none in the 
medulla. In addition, 4 other mice had 
larvae in both the medulla (5 larvae) 
and in the cerebral portions (1 larva 
each, or 4). At 22 days the 30 remaining 
mice were killed and frozen. Those mice 
showing symptoms were each tagged 
with a list of their symptoms and placed 
in a large envelope. Mice showing no 
symptoms were placed in another en- 
velope, and each group was weighed. 
The 14 healthy mice weighed 440 g, 
whereas the net weight of the 16 ailing 
mice was 412 g. The diseased animals 
were smaller and had rough hair coats. 
In every instance it had been possible to 
distinguish the diseased from the healthy 
mice by their symptoms of nervous sys- 
tem impairment and poorer appearance. 
Examination of the two groups of mice 
showed that none of the healthy mice 
had larvae in the brain, whereas all 
those in the ailing group had larvae in 
their brains. Furthermore, all the latter 
mice had larvae in the medulla and 
cervical spinal cord (19 and 4 larvae, 
respectively). Except for a larva in the 
mesencephalon of one mouse, the me- 
dulla and spinal cord were the only re- 
gions containing larvae. 

The most likely explanation for this 
shift in larval abundance seems to be a 
migration of the larvae into the medulla 
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from parts of the brain anterior and 
dorsal to it. Evidence that Setaria 
larvae wander in the brains of affected 
herbivores (see Innes et al, 1952) would 
seem to add weight to this interpreta- 
tion. 

Additional larvae might reach the 
peripheral tissues from the lungs after 
10 days, while a higher return rate from 
some of these tissues to the lungs would 
give the appearance of a migration into 
adjacent parts. Badger ascarid larvae 
are abundant in the brain of heavily 
infected Peromyscus maniculatus at 3 
days. They disappear from the brain by 
the 10th day but remain abundant in 
the masseter muscles. 

The writer has observed occasional 
raccoon ascarid larvae coated over by 
host resistance mechanisms (precipi- 
tates?) on the 7th day. Opaque spots 
where skunk ascarid larvae must once 
have been were seen in some mouse 
brains. The numbers of these spots often 
exceeded the total number of larvae 
persisting in the same brain. Occasional 
raccoon and skunk ascarid larvae have 
been found dead in the brain. These ob- 
served instances of host resistance are 
exceptions, however. Most of the larvae 
of either ascarid in the mouse brain are 
alive and in good condition when the 
larvae are large enough to be found 
readily. Host resistance might destroy 
larvae in the early days of infection 
when the larvae are small and not 
readily observed, or the rate of disin- 
tegration of larvae which are attacked 
after 10 days could be very high so that 
they are rarely seen. All the other pos- 
sibilities considered here seem to be 
auxiliary mechanisms, at best, to the 
probable direct posteriad migration of 
larvae through brain tissue to the 
medulla and spinal cord. 

If a similar shift in larval abundance 
occurs in Peromyscus, then the phe- 
nomenon is important in the epidemiol- 








MIGRATION OF ASCARID LARVAE 


skunk ascarids. 
statement that 
ascarid larva in the 
medulla or spinal cord of mice is fatal” 
referred to about half of the number of 
larvae reaching the brain of the labo- 
ratory mouse. 


of raccoon and 
writer’s (1951) 
raccoon 


ogy 
The 


‘fone 


Mice fed raccoon ascarids have most 
often been examined toward the end of 
the 2nd week after infecting, and larvae 
were usually about equally distributed 
between the spinal cord and medulla, on 
the one hand, and the cerebellum and 
more anterior portions of the brain, on 
the other. Various low dosage experi- 
ments have proven that before the 20th 
day almost all the larvae in surviving 
mice have somehow reached the medulla 
and spinal cord. Under field conditions 
one would expect mice to be uninfected 
or to harbor only one or two larvae in 
the brain. If the shift in larval abun- 
dance were to take place in wild mice, 
then almost all those with larvae in the 
brain would be killed, rather than only 
that group (half or less) of the mice 
which originally received larvae in their 
medulla and/or spinal cord. 


3. Growth of raccoon and skunk 
ascarid larvae 


and maximum larval 
size of raccoon, badger, skunk, and dog 
ascarid larvae in the rodent brain corre- 
late with their respective pathogenici- 
ties. This observation was made on the 
above species in a variety of rodents, 


The growth 


and verified by controlled experiments 
using each of the ascarids in albino 
mice and guinea pigs. The badger 
ascarid did not infect the guinea pig 
brain, but it was observed and measured 
in the brain of the ground squirrel, 
Citellus armatus. Larval size maxima 
were obtained for each of the ascarids 
in the brains of the rodents at various 
times after infecting. Enough data were 
obtained on raccoon and skunk ascarid 
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larvae to plot growth curves (fig. 2 and 
3), in which the mean lengths of larvae 
(ordinate) from mice killed on each day 
(abscissa) are plotted as open circles. 
Dots above and below these circles indi- 
cate the maximum and minimum 
lengths of the larvae measured. Mice 
used had survived irradiation experi- 
ments about 3 weeks previously. No dif- 
ference in growth rates of larvae in 
these and in ordinary mice was detected, 
but the irradiated mice were at least as 
susceptible as ordinary mice to brain 
invasion by both species of ascarid 
larvae. The larger number of raccoon 
ascarid per individual mouse 
brain made for greater uniformity of the 
experimental data for this species. Mice 
infected with several raccoon ascarid 
larvae in the brain almost never lived 
beyond the 15th day (see fig. 2). Lengths 
could not have been obtained after this 
date without using large numbers of 
lightly infected mice, most of which 
would have had 0, 1, or 2 larvae in the 
brain. 

When the number of larvae in the 
brain (ordinate) and the day of death 
of nonirradiated mice (abscissa) were 
plotted (fig. 1 and 4), it was found that 
death did not occur before the larvae 
had grown to an average length of 1 
mm (see fig. 2 and 3). This occurs on the 
9th day for the raccoon ascarid, usually 
after the 25th day for the skunk ascarid, 
and has never been observed for T. 
canis from dogs. The maximum length 
of T. canis larvae in the rodent brain 
was less than 0.5 mm. Raccoon ascarid 
larvae in the viscera of fatally infected 
guinea pigs were not yet 1 mm long at 
the end of 2 weeks. This experiment was 
repeated and for the second time almost 
all larvae in the guinea pig viscera were 
iess than 1 mm long. The average 
length of larvae in the brains of these 
same animals was 1.3 mm. The badger 


larvae 


ascarid has been measured extensively 
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Fic. 1.—The relationship between the number of raccoon ascarid larvae in the brain and the 
survival time of mice after infection. 

Each dot shows the number of larvae in a single mouse brain and the day of death of the animal. 

Fic. 2.—-Growth of raccoon ascarid larvae in mouse brain. 

Measurements were made of larvae broken from eggs and of larvae in groups of mice killed on vary- 
ing days after infecting. Average lengths for each day are plotted as open circles and are connected 
with a solid line. Maximum and minimum larval lengths for each day are plotted above and below, 
respectively, and are connected with dash lines. 
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only in the central nervous system 
of Citellus armatus, where it averaged 
about 1.3 mm long when obvious 
symptoms had developed. Two to 
five larvae in the medulla of this ani- 
mal were insufficient to produce symp- 
toms in the 21 days following infec- 
tion that the animals were observed, 
but 9 larvae caused symptoms to ap- 
pear in about 2 weeks. No tendency of 
badger ascarid larvae to congregate in 
the medulla of the ground squirrel brain 
was noted. Very probably, the size of 
the brain of the infected rodent species 
is important in determining whether a 
few ascarid larvae are likely to produce 
symptoms. 

Day of appearance of the first symp- 
toms would also be worth plotting, but 
these are not easily detected until one 
is thoroughly familiar with the limits in 
which a mouse’s activity can be as- 
cribed to normal behavior. Many hours 
of observation of each mouse would be 
required to detect the first abnormali- 
ties. These were frequently slight un- 
steadiness, trembling, slowness, or lame- 
ness. They were followed by more pro- 
nounced symptoms such as circling, 
spinning, rolling, paralysis, blindness, 
and many others. A transition to coma 
came next in mice infected with the 
raccoon ascarid. Usually this was ac- 
companied by worsening of the first 
symptoms noted, and then two or three 
days of coma. Most often death re- 
sulted from starvation and dehydration. 
Skunk ascarid infections in mice were 
similar, and sometimes fatal. However, 
initial symptoms persisted indefinitely 
without growing worse in some mice, 
and even disappeared in others. Mice 
infected with several skunk ascarid lar- 
vae in the brain did not necessarily be- 
come ill. As Sprent (1952) has indicated, 
permanent symptoms begin appearing 
about the 17th day rather than on the 
7th to 10th days noted by the writer 
for the raccoon ascarid. 
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SUMMARY AND CONCLUSIONS 


The sites of abundant localization 
that result for each species of ascarid 
larva studied were on or near the com- 
mon ascarid migration pathway. This 
is interpreted to mean that some larvae 
tend to wander outward from each 
visceral organ that they pass through. 


Larvae very probably also wander 


about in these organs. 


Skunk and raccoon ascarid larvae 
arrive in the various portions of the 
mouse brain in numbers roughly corre- 
sponding to the masses of these por- 
tions. Between the 10th and 20th days 
larvae in other parts appear to have 
migrated into the medulla and spinal 
cord. The number of larvae in the last 
two regions increases so that the total 
number of central nervous system lar- 
vae changes little, if at all. The first 
appearance of symptoms of nervous 
system impairment in rodents correlates 
with the attainment of a length of about 
1 mm by the most rapidly growing lar- 
vae in the brain. 

Rodent brain-damaging larvae ap- 
pear to be of survival value to ascarid 
populations parasitic in raccoons, 
skunks, and probably badgers. The 
number of raccoon ascarid larvae per- 
sisting in the tissues of most rodents is 
as high as in laboratory mice, if we are 
to judge from the data on field infec- 
tions and the few experiments that have 
been done on captive squirrels and 
Peromyscus leucopus. Rodent central 
nervous system damage appears to be 
associated with the ordinary life history 
of the raccoon ascarid. Larvae causing 
such damage serve to increase the 
probability that the intermediate host 
will be caught by the final host. We do 
not know how raccoons fitted into the 
primeval North American forest which 
contained a variety of predators. At 
present they tend to dominate large 
lowland woodlots in the north central 
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states. In these particular environ- 


ments, the chances that an infected in- 
termediate host will be eaten by a rac- 
coon may be greater than its being 
consumed by any other species. 
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FREEZING AND PUTREFACTION 


J. F. 


A. SPRENT* 


From the Department of Parasitology, Ontario Research Foundation, Toronto, Canada 


It has been demonstrated that cer- 
tain ascaris parasites of carnivorous 
mammals, namely Ascaris columnaris 
from the skunk (Tiner, 1949) and 
Ascaris devosi from the marten (Sprent, 
in press) utilize an intermediate host in 


the course of their life history. Infection 


of the final host occurs through the in- 
gestion of larvae encapsulated within 
the tissues of rodents. Encapsulation of 
larvae in the tissues of rodents has also 
been demonstrated for Toxocara canis 
(Fiilleborn, 1921), TYoxascaris leonina 
(Wright, 1935) and Toxascaris transfuga 
(Sprent, 1951). It has been shown 
(Sprent, 1952) that the larvae of these 
three species may remain alive for at 
least 4 weeks in the tissues of mice, but 
it has not been shown that infection of 
the final host may occur through inges- 
tion of mice. This method of infection 
has been suggested for T. canis by 
Fiilleborn (1921) and by Hoeppli, Feng 
and Li (1949). Hoeppli et al observed 
that the larvae of 7. canis frequently 
become encapsulated in the liver of mice 
and that they remain alive there for 
many Beaver et al (1952) re- 
ported that the larvae of T. canis and 


weeks. 


Toxocara mystax remain alive in various 


tissues of mice for several months. 


Sprent (unpublished) has _ recovered 


fourth stage larvae of T. canis from the 
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intestine of young dogs fed infected 
mice 8 days previously. 

The experiments reported in the 
present paper were designed to show the 
following: (1) the distribution of larvae 
in the various tissues of mice over peri- 
ods longer than 4 weeks, and (2) the 
length of time the larvae will remain 
alive in the tissues of mice. In addition, 
some observations are recorded on the 
resistance of larvae to freezing and 
putrefaction. 

METHODS 


The methods used for collection of eggs, for 
infection of mice and for the recovery of larvae 
from the tissues were as previously described 
(Sprent, 1952). The mice in these experiments 
were kept for periods up to 6 months and killed at 
intervals as shown in table 1. The various com- 
ponent tissues shown in this table were separated 
and subjected to emulsification and digestion. 
The mesenteric tissues included the mesentery, 
removed by tearing along the length of the intes- 
tine, and its associated lymph nodes and fat. 
The spleen, rectum, feet and fur were discarded. 
After the removal of the above and the tissues 
and organs listed in the table, the carcass was 
divided into three components, namely the head 
and the front and back of the trunk, by cutting 
behind the head and at the junction of the dorsal 
and lumbar vertebrae. 


EXPERIMENTAL 


Distribution of larvae in mouse tissues 
(1 to 6 months).—The distribution of 
larvae in the tissues of the mice was 
estimated and table 1. 
Larvae counts were made after preser- 
vation, but before adding the preserva- 
tive the condition of the larvae in the 
noted and in all 
they were found to be vigorously motile. 


is shown in 


carcasses Was cases 
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It was evident that the larvae of the 
ascaris parasites of carnivores remain 
alive in the tissues of white mice for at 
least 6 months. The distribution of lar- 
vae was not followed beyond this time 
but mice were kept up to a year after 
infection with 7. transfuga and living 
larvae were still recovered from their 
tissues. 

The relative distribution of the larvae 
in the various tissues was remarkably 
similar to that already reported (Sprent, 


TABLE 1. 


Distribution of ascaris larvae in 


Duration 
of in- 
fection 

(months) 


Dose 
ot 
eggs 


Heart Lungs Liver 


A.columnaris 5000 


1 
2 
3 
4 


6 


A. devosi 


T. mystax 


T. canis 


T. transfuga 


Each line of data is for a single mouse. 


1952). In all species most of the larvae 
were distributed in the head and carcass 
i.e., the general musculature of the body. 
In the case of A. columnaris many lar- 
vae were encapsulated in the liver, 
lungs and heart, while in the case of A. 
devosi larvae were less often found in 
these organs. In the case of 7. canis the 
larvae were found frequently in the 
brain but appeared to cause no dis- 
turbances of locomotion. This was in 
marked contrast to infection with larvae 
of A. columnaris, in which such dis- 
turbances are frequently observed in 
mice. The larvae of 7. transfuga were 
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found in relatively large numbers in the 
wall of the intestine and in the mesen- 
teric tissues; this was in agreement with 
previous findings in which 7. leonina 
and 7. transfuga were found to be 
closely related in this respect (Sprent, 
1952). 

Resistance of encapsulated larvae to 
cold temperatures.—Mice were infected 
with eggs of various ascaris species and 
were killed at various intervals after in- 
fection. The bodies were immediately 


tissues of mice (1 to 6 months after infection). 


Mesen 
teri 
tissues 


Intes- Carcass 
tinal 


wall 


Brain Kidney 


Head _—‘ Front Back 
0 230 
0 152 
s 270 
55 200 
40 250 


720 
1350 
670 160 
1070 130 
200 95 


150 
620 


0 120 
0 254 
10 220 
0 140 
0 240 


2240 
2100 
1400 
1640 
2500 


340 
252 
160 
340 
160 


0 100 
110 


300 
380 


430 
240 
160 160 140 
166 74 44 
120 300 180 
340 110 158 
140 100 90 
40 50 30 

212 510 450 
60 140 70 

70 180 180 

560 120 


placed in a refrigeration unit at —20C. 
They were removed after various inter- 
vals and were digested for 3 hours to 
recover the larvae. The motility of the 
recovered larvae was noted after diges- 
tion and the results are shown in table 2. 
It will be observed in the case of A. 
columnaris and A. devosi that where the 
duration of infection of the mouse was 
more than about 3 weeks the larvae 
recovered motility 
sojourn of several weeks at 


vigorous after a 
—20 C. 
Larvae from shorter periods of infection 
were less resistant. It appears likely 
that the resistance of the larvae de- 
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TABLE 2.—Resistance of encapsulated larvae of 
various ascaris species to low temperature. 


Interval 

between 

infection 
and death 


of mouse 


Duration of 
exposure 
(—20 C) 


Motility 


Species of larvae 


i 
j 
| 
| 
| 
j 


3 weeks 
4 weeks 
5 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 


A. columnaris 


+4++4+4+4+4+444+ 


4 days 
5 days 
6 days 
10 days 


++ttet +4 44¢+4+4+4+4+4+ 


+++ 


8 days 
8 weeks 


1. canis 


+! 
+ 


6 days 

7 weeks 

9 weeks 

6 months 5 

9 months 16 days 


T. transfuga 


Each line of data is for a single mouse. 
++ Most of the larvae vigorously motile. 
+ Some larvae motile. 

+ Slight movement observed. 

— Apparently dead. 


pends upon the capsule in which they 
lie. These were not conspicuous until 2 
to 3 weeks after infection. The larvae of 
T. transfuga were evidently less resist- 
ant than the former two species. 

Resistance of encapsulated larvae to 
putrefaction.—The bodies of infected 
mice were allowed to undergo putrefac- 
tion at summer room temperature (80 
F). At various intervals the mice were 
digested and the motility of the recov- 
ered larvae was observed (table 3). En- 
capsulated larvae of A. columnaris, A. 
devosi and T. transfuga are evidently 
able to withstand putrefaction for at 
least 6 days. 


DISCUSSION 


The results show that the larvae of 
A. devosi and A. columnaris when en- 
capsulated in the tissues of mice appear 
to be well located for reaching their 
final hosts under natural conditions. 
Firstly, they are able to survive for 
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TABLE 3.—Resistance of larvae of various ascaris 
species to putrefaction of the infected mouse. 


Interval 
between 
infection 
and 
death of 


Duration 
of putre- 
faction 
at 80 F 


Motility 
of larvae* 


. columnaris 
. columnaris 
. columnaris 
. columnaris 
. columnaris 
. devosi 
T. canis 
. transfuga 


Each line of data is for a single mouse. 
* See table 2. 


long periods in the tissues of the mouse, 
suggesting that many mice in the vicin- 
ity of the natural host would be in- 
fected. Secondly, most of the larvae are 
encapsulated in the anterior end of the 
mouse’s body ;the Mustelidae frequently 
begin by eating the head and neck of 
their prey and may discard the rest of 
the carcass. Thirdly, it seems likely that 
infection may occur even if some time 
has elapsed between death of the rodent 
and the ingestion of its carcass. It seems 
probable that the larvae might remain 
alive in the carcass throughout the 
whole winter. In the event of the mouse 
dying in the summer months several 
days might elapse before the carcass is 
found and eaten; nevertheless the larvae 
may still remain infective, though putre- 
faction may be advanced. 


SUMMARY 


The distribution of the larvae of 
Ascaris columnaris, Ascaris devosi, Toxo- 
cara canis and Toxascaris transfuga was 
estimated in the tissues of mice over 
periods from 1 to 6 months after infec- 
tion. It was found that most of the lar- 
vae of all species were distributed to the 
general musculature. It was observed in 
the case of A. columnaris and A. devosi 
that the larvae were particularly con- 
centrated in the cervical and thoracic 
regions. In the case of 7. transfuga a 
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high proportion were encapsulated in the 
intestinal wall and mesenteric tissues. 
In the case of T. canis a relatively high 
proportion of the larvae were recovered 
from the brain. The larvae of all species 
were vigorously motile after being in the 
tissues for 6 months. 

The larvae of A. columnaris, A. devosi 
and T. canis recovered vigorous mo- 
tility after digestion of infected mouse 
carcasses kept at — 20 C. for several 


weeks. The larvae of TJ. transfuga 


appeared to be less resistant to cold. The 
resistance of the larvae to cold appeared 


to develop about 3 weeks after infection. 
The encapsulated larvae of A. colum- 
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naris, A. devosi and T. transfuga were 
still vigorously motile 6 days after 
putrefaction of the mouse’s body at 
room temperature. 
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INCIDENCE OF ANTIBODIES FOR TOXOPLASMA AMONG 
VARIOUS ANIMAL SPECIES 


LOUISE T. MILLER AND HARRY A. FELDMAN 


The availability of the dye test,’ a 
relatively simple but sensitive method 
for detecting antibodies for toxoplasma, 
permits surveys for serological evidence 
of infection by this parasite to be con- 
ducted with relative ease. In this report 
are presented the results of such anti- 
body determinations among 298 mem- 
bers of 6 animal species. The purpose of 
this survey was to ascertain the impor- 
tance of these animals as reservoirs for 
the human disease. 


MATERIALS AND METHODS 


Animal serums.—The animals were all adult 
and laboratory bred, except for the dogs and 
cats,* which were strays, and the bovine serums,* 
which were obtained from experimental herds. 
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Samples from 54 albino rats, 76 cattle, 44 cats, 51 
dogs, 51 guinea pigs and 22 rabbits were included 
in the study. 

Serological method.—Antigen was obtained 
from 3- or 4-day peritoneal exudate prepared by 
inoculating albino mice intraperitoneally with 
the RH strain of toxoplasma.? All test serums 
were inactivated for 30 minutes at 56 C, and 
their antibody content was measured by the dye 
test method of Sabin and Feldman.' 


RESULTS 


The incidence of antibodies for toxo- 
plasma among the various animals is 
summarized in table 1. It will be noted 
that none of the laboratory-bred rats 
was found to be positive. This is in con- 
trast with the observations in the rabbit 
and guinea pig, both of which are also 
caged, laboratory-bred animals. One 
rabbit's serum was positive in a titer of 
1:16 while 21 were negative. Although 
32 of the 51 guinea pig serums were 
negative, 2 were positive undiluted, 3 at 
1:4, and 14 had titers ranging from 1:16 
to 1:4096. For experimental reasons the 
2 herds of cows have been maintained 
as separate groups for many years. Of 
the 66 specimens from the first herd, 37 
were negative, 20 were positive undi- 
luted and 9 at 1:4. All 10 serums from 
the second herd were negative. 

Among 44 cat serums,ft 20 were defi- 
nitely negative, while 3 were positive 
undiluted, 6 each at 1:4 and 1:16 and 9 
at 1:64. 

1. Sabin, A. B. and Feldman, H. A. 1948, Dyes 
as microchemical indicators of a new im- 
munity phenomenon affecting a protozoon 
parasite (toxoplasma). Science, 108: 660-663. 

2. Sabin, A. B. 1941, Toxoplasma encephalitis in 
children, J.A.M.A. 116: 801-807. 

t Serums from 9 additional cats were studied 
at a later date. Six of these were negative, 1 was 
positive at 1:4, 1 at 1:16 and the last titered to 
1:256. 
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TABLE 1. 


Number 


Species 
ae tested 


Negative 
Undiluted 

Albino rat 54 : 0 
Cattle 

Herd 1 

Herd 2 10 
Rabbit 22 
Cat 44 
Dog 51 
Guinea pig 51 


Totals 


Of the 51 dog serums, 17 were nega- 
tive, 2 each were positive undiluted and 
at 1:4, while 20 had titers ranging from 
1:16 and 1:1024. 


DISCUSSION 
The importance of low dye test titers 


remains to be determined. We believe 
that positive tests which are limited to 


the undiluted specimen are without sig- 


nificance and may be classed as nega- 
tive. Serums which are positive in a 1:4 
dilution are possibly doubtful and con- 
sequently were considered with the 
negative specimens. Titers of 1:16 are 
readily reproducible and we considered 
these and higher titers to be indicative 
of past or current infection. 

An interesting discrepancy exists 
among the results obtained in the se- 
rums of the laboratory-bred animals: 
where the rat serums were all negative, 
one of 22 rabbits (4.5%) and 14 of 51 
guinea pigs (28°) were positive. Al- 
though we have no explanation for these 
serological differences, it is conceivable 
that the manner in which such animals 
ordinarily are housed is an important 
factor. Rabbits rats tend to be 
maintained either singly or in pairs, but 


and 


guinea pigs are likely to be quartered in 
larger groups. Thus animal-to-animal 
transmission is more likely to occur 
among guinea pigs than among either of 
the other two species. It is also evident 
from these data that neither the guinea 
pig nor the rabbit should be used as the 
host in which to attempt to isolate toxo- 


Incidence of antibodies for toxoplasma among six animal species. 


Titers of positive reactors (dye test) 


16 1:64 1:256 1:1024 1: 4096 
0 0 0 0 
0 0 0 0 

0 0 i) 

0 0 0 

0 0 0 

x 2 0 

3 ; 2 


il 5 2 


plasma from other sources. 

Our results with the dye test agree 
with Sabin’s study’ in which he found 
that 5% of laboratory rabbits were im- 
mune to toxoplasma when examined 
with the rabbit neutralization test. 
Christiansen and Siim,‘ on the other 
hand, surveyed the wild hare population 
of Denmark and found that 9.4% of the 
animals had antibodies for toxoplasma. 
They found that this figure fluctuated 
with the seasons, being highest from 
January through March. 

On the basis of what has been said 
above, all of the cattle serums would 
have to be considered as negative. While 
these herds have been kept in separate 
quarters for some years, they are exposed 
to various insects and, probably, rodents 
as well. One might conclude from these 
data that cattle are not frequently in- 
fected with toxoplasma. If this is true 
then it is unlikely that cow’s milk repre- 
sents a significant hazard to humans. 

Jacobs and Jones® and Grocott® dem- 


. Sabin, A. B. 
antibody in human beings and morbid condi- 


1942, Toxoplasma neutralizing 

tions associated with it. Proc. 
Biol. & Med. 51: 6-10. 

. Christiansen, M. and Siim, J. C. 1951, 
plasmosis in hares in Denmark. Serological 


Soc. Exper. 
loxo- 


identity of human and hare strains of Toxo- 
plasma. Lancet, 1; 1201-1203. 

. Jacobs, L. and Jones, F. E. 1950, The para- 
sitemia in experifmental 
Infect. Dis. 81: 79-89. 

. Grocott, R. G. 1950, A case of canine toxo- 
plasmosis from the Canal Zone. Am. J 
Med, 30: 669-675. 


toxoplasmosis. J. 
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onstrated toxoplasma in dog tissues. 
Since we found 59% of our dogs to have 
significant amounts of antibody it 
would seem that these reports®* should 
be readily reproducible. In addition to 
the evidence presented for the frequent 
infection of the dog, 34% of the cats 
which we studied also had significant 
amounts of toxoplasma antibody. Since 
these two species are commonly associ- 
ated with human dwellings, they may 
represent important reservoirs for hu- 
man infections. The frequency of these 
positive serums complicates the prob- 
lem of proving that a particular dog or 
cat is related to a given instance of hu- 
man disease. For example, we have re- 
cently encountered two cases of con- 
genital toxoplasmosis in families where, 
in one instance a pet cat, and in the 
other a pet dog, had been ill during the 
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time of the mother’s pregnancy. Al- 
though the serum of each animal had 
significant amounts of antibody we were 
unable to implicate either as having 
been important in the human infections 
because of the high incidence of anti- 
bodies among stray cats and dogs. 


SUMMARY 


Antibodies for toxoplasma were de- 
tected, with frequency, among street 
cats and dogs and _laboratory-bred 
guinea pigs. They were not found at all 
among laboratory-bred rats and with 
slight frequency among laboratory-bred 
rabbits. A large number of cattle com- 
prising one herd which had been main- 
tained for some time for experimental 
purposes had antibody, but of such low 
concentration as to be of questionable 
significance. 





ANTIGENIC AND CULTURAL RELATIONSHIPS OF LACTOBACILLUS 
BIFIDUS AND LACTOBACILLUS PARABIFIDUS 
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From the Department of Microbiology, School of Dentistry; the William Pepper Laboratory of 
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For many years, the lack of a suitable 
medium retarded the study of Lacto- 
bacillus bifidus. In 1950, Norris, Flan- 
ders, Tomarelli, and Gyérgy' reported 
that a modification. of the Teply and 
Elvehjem medium? is satisfactory for 
the primary isolation and laboratory 
maintenance of L. bifidus as a branched 
microaerophilic organism. Even in this 
medium, L.bifidus may change abruptly, 
without apparent cause, to aerobic, un- 
branched bacilli which will then grow on 
many different mediums. If it were not 
for the fact that colonies of the two 
types of organisms are easily distin- 
guished, it would be difficult to keep the 
branched organisms in pure culture. Be- 
cause of these and other differences, 
Norris et al' proposed that the un- 
branched variants, or mutants, be called 
Lactobacillus parabifidus and the term 
L. bifidus be applied only to microaero- 
philic branched organisms. The termi- 
nology of Weiss and Rettger* and of 
Bergey’s Manual‘ thus was reversed. 

In a recent report, Hassinen, Durbin, 
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Tomarelli, and Bernhart® found that 
four of the strains originally isolated in 
our laboratory, and maintained for 
about two years with transfers every 
second day, grew on a simple synthetic 
medium. In an effort to isolate new 
strains from feces, they reported that 
although strains of L. bifidus grew initi- 
ally on this simplified medium, sub- 
cultures of these strains grew only on 
the modified Teply and Elvehjem me- 
dium.' This suggested that L. bifidus 
may occur as more than one type. 
Reports on serologic reactions support 
the view that L. bifidus is not serologi- 
cally homogeneous. Blaurock*? reported 
that organisms from smooth and rough 
colonies were agglutinated only by the 
homologous antiserum and that four 
serologic types could be distinguished 
by means of agglutination tests. The 
findings reported by Boventer® were 
similar to those of Blaurock. Neither 
worker confirmed the serologic relation- 
ship between L. bifidus and L. acidophi- 
lus previously reported by Cruickshank® 
and Weiss and Rettger.* The discrep- 


4. Breed, R. S., Murray, E. G. D. and Hitchins, 
A. P. 1948, Bergey’s Manual of Determinative 
Bacteriology, ed. 6, Baltimore, Williams and 
Wilkins Co. pp. 350-361. 


. Hassinen, J. B., Durbin, G. T., Tomarelli, 
R. M. and Bernhart, F. W. 1951, J. Bact. 62: 
771-777. 
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raBLe 1.—Data on cultures and preparation of antiserums. 


Isolation 
date 


months 
to obtain 
antiserum 


Strain Source* 





| 


4/14/49 
12/12/49 


Jackson 
Jackson M 


=n 
Cod 


Jackson S 1/12/50 
103A 10/24/50 
10/24/50 
12/12/50 
1/16/51 
1/12/50 
1/16/51 


104B 
110A 
113A 
2086 

212A 


se 4 eNNwW 
ew Oe 


* BF —-Breast fed infants. 
M-—Mutant of a strain of L. bifidus. 
EM—- Infants fed evaporated milk. 


ancy is probably explained by the fact 
that the latter were working with aero- 
bic, unbranched bacilli rather than with 
microaerophilic, branched organisms. 
Antigenic studies, together with reviews 
of the literature on other lactobacilli, 
were reported by Williams!’ and Or- 
land." 

In view of these uncertainties, it was 
considered desirable to reinvestigate the 
homogeneity of the group of branched 
organisms and their unbranched mu- 
tants by means of agglutination reac- 
tions and cultural requirements. 


MATERIALS AND METHODS 


Cultures.—Seven strains of L. bifidus and two 
variants of one of them were selected for prepara- 
tion of antiserums (see table 1). The strains had 
been isolated from stools of breast-fed infants 5 
days to 3 months of age. Strain Jackson, previ- 
ously described,' had been transferred continu- 
ously on culture mediums for over 3 years. During 
this time mucoid colonies were noted for the first 
time when the culture was plated on December 
12, 1949. A typical mucoid colony was picked 
and maintained as a separate culture designated 
Jackson M. The characteristics of mucoid vari- 
ants are to be described elsewhere.” 

Colonies of unbranched organisms, in contrast 
with branched organisms, were noted in plates 
streaked from the Jackson culture on January 12, 
1950. When isolated these organisms were found 


10. Williams, N. B. 1948, J. Infect. Dis. 82: 31 

41. 

. Orland, F. J. 1950, J. Infect. Dis. 86: 63-80. 
Norris, R. F., De Sipin, M., Harvey, T. S. 
and Gyérgy, P. Manuscript in preparation. 


Number of Number of courses used for each 


NNN 


Total amount of 
vaccine in ml 


method of immunization 


c D_ 


Concen- 


,) . 
trated Dilute 


10.5 
2.0 
9.0 
2.0 


18.5 
19.5 
12.5 

9.5 


to be aerobic and similar to other unbranched 
mutants described as L. parabifidus.' This strain 
was maintained separately and designated Jackson 
S. A second strain of L. parabifidus, Lockhart S, 
was employed to produce antiserum, but the 
agglutinin titer of the antiserum was not satis- 
factory in spite of repeated inoculations of the 
animals. This strain was employed, however, for 
agglutinin adsorption studies as will be described 
later. 

Among the remaining strains listed in table 1, 
it should be pointed out that strain #212A will 
not grow in the chemically defined medium of 
Norris et al,' unless breast milk is added as a 
supplement. The growth requirements of this 
strain, designated L. bifidus var. Penn., will be 
reported elsewhere.4 

All of the above strains plus 71 other strains 
of L. bifidus and 4 other strains of L. parabifidus 
were tested for their ability to grow in the 
simple medium of Hassinen et al.5 Seventy-nine 
strains of L. bifidus and 6 of L. parabifidus 
were tried in this medium. The sources of the 71 
strains of L. bifidus were as follows: 25 from stools 
of breast-fed infants, all designated in the 100 
series; 22 from stools of infants fed evaporated 
milk, assigned numbers in the 200 series; 5 from 
stools of infants fed S.M.A. (Wyeth Inc.), 300 
series; and 19 from vaginal tracts of adults, 400 
series. The strains of L. parabifidus employed, 
Lockhart S, Coleman A, Perrish S and #211A(S) 
are all mutants of strains of L. bifidus. The char- 
acteristics of strain A were reported by Tomarelli 
et al.44. 


13. Gyérgy, P., Norris, R. F., Rose, C. S. and 

Springer, G. F. Manuscript in preparation. 

Tomarelli, R. M., Norris, R. F., Gyérgy, P., 

Hassinen, J. B. and Bernhardt, F. W. 1949, 

J. Biol. Chem. 181: 879-888. 

. Tomarelli, R. M., Norris, R. F., Rose, C. S. 
and Gyérgy, P. 1950, J. Biol. Chem. 187: 
197-204. 
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RELATIONSHIP OF L. BIFIDUS AND L. PARABIFIDUS 


Agglutination tests using antiserums for strains 
of L. bifidus and L. parabifidus were made by the 
macroscopic slide technique or by the conven- 
tional test tube method with all of the above 
strains as well as with the following: L. bifidus 
‘rom infant stools, strains INX-11, JNX-12 
and BLX-15; 9 strains of lactobacilli of human 
oral origin; and 9 strains from the American Type 
Culture Collection (ATCC): L. lactis #8000; L. 
casei #4946, #4951, and #7969; L. acidophilus 
#4355, #4357, and #9857; and L. fermenti $8289 
and #9338. 

For isolation of L. bifidus, fresh stools emulsi- 
fied in about 10 volumes of sterile 0.85% sodium 
chloride solution were streaked on solid medium 
in petri plates. The composition of the modified 
Teply and Elvehjem*? medium differed from that 
described by Tomarelli et al in that lactose, 
which was substituted for glucose by Norris et al,! 
was reduced from 140 g to 70 g per liter of double 
strength medium and vitamin By, and pancreatin 
were omitted. Ascorbic acid was sterilized by 
Seitz filtration and added aseptically to the auto- 
claved medium. The final pH was between 6.5 
and 6.6. Cultures were incubated in a Brewer'® 
jar, under anaerobic conditions, with the addition 
of 10% carbon dioxide to the atmosphere. In- 
cubation was carried out at 37 C for a period of 
40 to 48 hours. Cultures were maintained in liquid 
medium by making transfers on alternate days. 

The simplified medium of Hassinen et al’ was 
employed to determine the differences in the 
complexity of the nutritional requirements of the 
various strains employed in these studies. Cul- 
tures were incubated in the same fashion as 
described above. Growth or no growth was deter- 
mined by the presence or absence of significant 
amounts of titrable acidity in liquid culture 
medium after 96 hours of incubation. 

The production of total, volatile, and lactic 
acid, as well as the optical rotation of the lactic 
acid, was determined for the more recently iso- 
lated branched strains #103A and #104B, by 
methods previously reported.! 

Antigens.—Fresh transplants of the cultures 
were inoculated into sufficient amounts of liquid 
medium so that quantities of growth were avail- 
able for all injections and agglutination tests. 
Cells were removed from the medium by centri- 
fugation and washed 3 times in sterile 0.85% 
sodium chloride‘solution. Suspensions were made 
in the sterile saline solution so that a turbidity 
reading of 750, on a Klett-Summerson colorim- 
eter using a filter of 470 my, was obtained for a 
concentrated vaccine and a reading of about 280 


16. Brewer, J. H. 1938-1939, J. Lab. & Clin. 
Med. 24: 1190-1192. 
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for a dilute vaccine. The suspensions of vaccines 
were heated at 60 C for 2 hours, tested for 
sterility, and stored in the refrigerator until used. 
The suspensions for agglutination tests (see be- 
low) were prepared from the same lot of cells in 
concentrated suspension; phenol was added to a 
final concentration of 0.2% as a preservative, 
and the suspensions were stored in the refrigera- 
tor. Glass beads were included in the sterile 
bottles, used for storage of the vaccines and 
antigens for agglutination tests to facilitate re- 
suspension. 

Preparation of antiserums (see table 1).—Young 
rabbits were bled prior to any injections of vac- 
cine, and the serums were tested for agglutina- 
tion of the antigen to be injected. Antiserums 
were not considered satisfactory until the titer of 
serum agglutinins reached 1:1280. The following 
injection schedules were employed: 


Method A—Intravenous injection of 0.2 ml 
of dilute vaccine on alternate days until 5 in- 
jections were made, followed by preliminary 
bleeding 1 week after the last injection. The 
procedure was repeated until a satisfactory 
titer was found by agglutination test. 

Method B—Intravenous injection of 0.5 ml 
of dilute vaccine on 3 successive days, a rest 
period of 1 week, then injection of 1 ml on 3 
successive days, followed by test bleeding 1 
week after the last injection. The 1-ml injec- 
tions were continued by the latter schedule if 
the titer of the antiserum was not satisfactory 
after a single course of injections. 

Method C—Intravenous injection of 0.2 ml 
of concentrated vaccine on alternate days until 
5 injections were given, followed by test bleed- 
ing 1 week after the last injection. Schedule 
repeated if necessary. 

Method D—One ml of concentrated vaccine 
was mixed with 4 ml of sterile 5% sodium 
alginate solution and injected intraperitoneally ; 
then, without removing the needle, 2.5 ml of 
sterile 1% aqueous calcium chloride solution 
were introduced through the needle.” A period 
of about 3 weeks was allowed to pass; then 1 
ml of dilute vaccine was inoculated intra- 
venously every 4th day until 3 injections had 
been given. A preliminary bleeding was made 
10 days after the last injection; if the titer was 
unsatisfactory the intravenous injections were 
repeated. 


Animals were bled within 24 to 48 hours after 
agglutination tests of antiserums, from pre- 
liminary bleedings, indicated titers of 1:1280 or 


17. Slavin, D. 1950, Nature, London, 185: 115. 
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TABLE 2.—A gglutination relationships of eight strains of L. bifidus and one strain of L. parabifidus. 


Culture suspensions* 








Antiserums 


~ Jackson JacksonM 103A 


104B 


110A 113A 208C 212A Jackson S 





Jackson 3 ascot 1280 640 


ackson M 640 
1280 
80 


g 


103A 
104B 
110A 
113A 
208C 
212A 
Jackson S 


cooct8s 


| cocok bees 


scockscd& 


N 


N 
obtlocces 


- 
easlinéone 
getcecees 


1280 





* Aggutination tests with serums from the same animals prior to preparation of antiserums were negative in lowest dilu- 


tion employed (1:20). 


Figures represent reciprocals of highest antiserum dilutions in which at least 3+ agglutination occurred, All controls 


were negative. 


higher. Antiserums were treated with phenol to a 
final concentration of 0.2% and stored in the 
refrigerator. 

Agglutination tests—A macroscopic slide ag- 
glutination test was used for preliminary studies 
of relationships between various cultures before 
use of the test tube agglutination method. Anti- 
gen for slide agglutination tests was prepared 
from the concentrated bacterial suspension (See 
Antigens) by filtering the suspension through 
cotton in a pipette or glass tubing while applying 
negative pressure. If spontaneous agglutination 
occurred, filtration was repeated until an even 
suspension was obtained. Antiserums were em- 
ployed undiluted or diluted 1:10 in 0.85% sodium 
chloride solution, The antigens and antiserums 
were mixed and observed in the fashion described 
by Williams.’® Negative slide agglutination tests 
were not checked by the test tube technique. 

All serums employed in the test tube technique 
were diluted by the doubling dilution method 
with 0.85% sodium chloride solution, The final 
dilutions of serums were between 1:20 and 
1:5120. Antigen was prepared for these tests by 
filtering the bacterial suspension from the con- 
centrated suspension, as described above, then 
diluting with 0.85% sodium chloride solution 
until a turbidity of 145 on the colorimeter was 
obtained. The serum-antigen mixtures were in- 
cubated for 2 hours in a water bath at 37 C, then 
stored in the refrigerator overnight. Readings 
were made the next day against a dark back- 
ground by indirect lighting. Controls were 
checked prior to reading, and if the cells did not 
resuspend evenly, the test was discarded. Results 
were recorded as 4+ for complete, 3+ as in- 
complete and 2+ as partial agglutination. The 
homologous titer was arbitrarily set as the highest 
dilution, exhibiting 3+ or stronger agglutination. 

Adsorption technique.—All antiserums were 
diluted 1:10 prior to mixture with washed cells 
sedimented by centrifugation. A 10-ml portion 
of the diluted antiserum was mixed with 0.5 ml 


of the packed cells in a sterile test tube, plugged 
with a rubber stopper, and agitated by hand to 
bring about an even suspension. The test tube 
was attached to a mechanical mixing device and 
the apparatus placed in an incubator at 37 C for 
2 hours. The bacterial cells were then removed by 
centrifugation and the above procedure was re- 
peated 3 times, using fresh cells on each occasion. 
An agglutination test was then performed. Most 
agglutinins were removed by this treatment, but 
in some instances one more adsorption was neces- 
sary. 
RESULTS 

The data from agglutination tests 
with both homologous and heterologous 
organisms, shown in table 2, indicate 
the antigenic relationships between 8 
strains of L. bifidus and 1 of L. para- 
bifidus. Cross reactions which are con- 
sidered significant are shown in bold- 
face figures. Reactions not considered 
significant are shown in ordinary type. 
One group relationship among the 
branched strains exists between Jack- 
son, Jackson M, and #103A, and 
another distinct group is formed by 
strains $104B and #110A. Strains #113A, 
#208C and #212A appear to be anti- 
genically distinct from each other and 
from the two groups just described. 
Strain Jackson S, although derived from 
Jackson, is distinct serologically from 
all of the branched strains. 

The results of selected agglutinin ad- 
sorption tests are presented in table 3. 
All of the antiserums were adsorbed 
with homologous organisms, but the re- 
sults are not shown since adsorption 
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was complete in each instance, and all 
homologous agglutination tests were 
negative in the lowest dilutions of anti- 
serums tested (1:20). All antiserums 
prepared with Jackson, Jackson M, 
#103A, #104B and #110A were adsorbed 
with cells from each heterologous strain, 
but only the tests that are pertinent to 
the distinction of antigenic components 
among these strains are shown in table 3. 
In the case of antiserums #113A, #208C, 
#212A, and Jackson S, agglutinin ad- 
sorptions were not done with all of the 
heterologous antigens. In no instance, 
however, was the antiserum titer for the 
homologous organisms reduced by ad- 
sorption with heterologous strains. A 
comparison of the data in tables 2 and 3 
indicates that the antigenic differences, 
revealed by agglutination tests with un- 
adsorbed antiserums, are confirmed by 
agglutinin adsorption tests. The follow- 
ing designations of surface antigens 
have been selected and will be explained 
in the Discussion. 

Component IIa: 1.—The data in table 
2 indicate that strains Jackson, Jackson 
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M and #103A are closely related and 
distinct from other strains. Adsorption 
of Jackson antiserum with Jackson M 
or #103A organisms removes the agglu- 
tinins for all strains (table 3). The re- 
sults are similar after mirror adsorptions 
using Jackson, Jackson M, or #103A 
antiserum. Adsorption of Jackson, Jack- 
son M or #103A antiserum with #110A 
or #104B organisms does not alter the 
homologous titers or the titers for other 
strains in this group. Adsorption of 
Jackson antiserum with Jackson S or- 
ganisms likewise does not significantly 
reduce the titer. Jackson S is also sero- 
logically distinct from Jackson M and 
#103A. The designation Ila-1 has been 
assigned to the antigenic component in 
the strains Jackson, Jackson M and 
#103A. 

Components IIa-2, 3, 4, 5.—Among 
the organisms tested, it is seen that 
strains #104B and #110A constitute a 
second group and that strains #113A, 
#208C and #212A are individually dis- 
tinct from any other organism. The 
designations above have been assigned 


TABLE 3,—A gglutinin adsorption tests. 
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* Each antiserum gave a negative agglutination reaction after adsorption with homologous organisms. 
+ Figures represent reciprocals of highest dilution in which 3 + agglutination occurred. 
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TABLE 4.—A gglutination reactions and cultural tests. 


Antiserums 


Growth in Jackson . #104B #113A #208C #212A Jackson S 
Strains Source* simplified Jac kson M tt fl 10A 3 siege tS ee eee e? ” 
mediumt Components 
Ila-1 Ila-2 Ila-3 Ila-4 Ila-5 IIb-1 

Jackson BF + + 0 0 0 0 0 
Jackson M M + + 0 0 0 0 0 
Lockhart BF + + 0 0 0 0 0 
Birch BF + + 0 0 0 0 0 
Perrish BF + + 0 0 0 0 0 
Timberlaine BF + + 0 0 0 0 0 
103A BF + + 0 0 0 0 0 
104B BF 0 0 + 0 0 0 0 
107A BF + 0 + 0 0 0 0 
108A BF . + 0 0 0 0 0 
105¢ BF 0 0 0 0 + 0 0 
110A BF 0 0 + 0 0 0 0 
113A BF 0 0 0 + 0 0 0 
116C BF 0 0 0 0 + 0 0 
117C BF 0 0 0 0 + 0 0 
203B EM 0 0 + 0 0 0 0 
204B EM 0 0 + 0 0 0 0 
208C EM 0 0 0 0 + 0 0 
212A EM 0 0 0 0 0 + 0 
214B EM 0 0 0 0 0 0 + 
217B EM 0 + 0 0 0 0 0 
410 VT 0 0 0 0 + 0 0 
419 VT 0 0 0 0 + 0 0 
422 VT 0 0 + 0 0 0 0 
JNX-11 BF 0 + 0 + 0 0 
JNX-12 BF 0 + 0 0 0 0 
BLX-15 BF 0 + 0 + 0 0 
ae Ss M 0 0 0 0 0 0 + 
ockhart S M 0 0 0 0 0 0 

Perrish S M 0 0 0 0 0 0 + 
Coleman A M 0 0 0 0 0 0 + 
Strain A M 0 0 0 0 0 0 + 
211A (S) M 0 0 0 0 0 0 

#8000 L. lactis ATCC 0 0 


— Breast fed infants. 


* BF 
EM ~--Infants fed evaporated milk. 
VT Vaginal tract of pregnant women. 
M ~Mutant of a strain of L. bifidus. 
ATCC—American Type Culture Collection. 

t —Hassinen et al.§ 

t 

to these four groups, respectively. 


Component IIb-1.—The strains of L. 
parabifidus, Jackson S and Lockhart S 
are related genetically to the respective 
parent strains of L. bifidus (Jackson and 
Lockhart) but differ from them in 
morphological and biochemical charac- 
teristics.' Therefore, the Roman nu- 
meral II plus the letter b are used to dis- 
tinguish strains of L. parabifidus from L. 
bifidus. Neither Jackson S nor Lockhart 
S organisms are agglutinated in any of 
the Il-a antiserums. Even though a 
satisfactory antiserum could not be pre- 
pared with strain Lockhart S, an anti- 
genic relationship with strain Jackson S 
is indicated by agglutination of Lock- 
hart S organisms in Jackson S anti- 
serum, and adsorption of all agglutinins 





—Tests included both antiserums. In no case were the tests positive in one and negative in the other 


from this antiserum. The designation 
Ilb-1 is employed to indicate the anti- 
genic component apparently held in 
common by these two strains of L. para- 
bifidus. 

A number of strains of L. bifidus, L. 
parabifidus and other kinds of lacto- 
bacilli (see Cultures) were tested for ag- 
glutination in antiserums representing 
the different components. The results of 
these tests are presented in table 4 and 
show that 27 of 82 strains of L. bifidus 
were agglutinated by one or more anti- 
serums. Nine strains were agglutinated 
in Ila-1, 9 in Ila-2, 8 in Ila-4 anti- 
serum. None of the strains, other than 
the homologous organisms, were ag- 
glutinated in Ila-3 or Ila-5 antiserum. 
Strains JNX-11 and BLX-15 (freshly 
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isolated from the stools of new born 
partially breast-fed infants) are the 
only organisms tested thus far that were 
agglutinated by more than one anti- 
serum. Reactions occurred in Ila-2 and 
Ila-4 antiserums. Strain #214B is the 
only L. bifidus we have tested that 
agglutinated in the IIb-1 antiserum. 
This strain was studied repeatedly and 
just recently was found to have changed 
so that it demonstrates the characteris- 
tics of a strain of L. parabifidus. 

Six strains of L. parabifidus were ag- 
glutinated in the IIb-1 antiserum. 
Strain #211A(S) was a typical branched 
strain when examined on January 21, 
1951, but was not agglutinated by any 
of the Ila antiserums. Examination of 
the culture in July, 1951 revealed that 
the organisms were unbranched bacilli 
and agglutinated only in IIb-1 anti- 
serum. 

L. lactis #8000 was agglutinated in the 
IIb-1 None of the other 
ATCC cultures or of the 9 human oral 


antiserum. 


strains of lactobacilli was agglutinated 
in any of the antiserums. 

Many of the strains of L. bifidus and 
L. parabifidus were tested for agglutina- 
tion in monospecific antiserums for anti- 
genic components A through I found in 
other kinds of lactobacilli.!®! 
None of the strains was agglutinated by 
any antiserum. 

Nearly all of the strains of L. bifidus 
and L. parabifidus were tested for their 


certain 


ability to grow in the simple liquid 


medium of Hassinen et al. There were 
that demonstrated this ca- 
pacity, as indicated in table 4. Strains 
Lockhart, Timberlaine, and 
Birch were the four strains used by 


9 strains 
Perrish, 


Hassinen et al. Thus, their observa- 
tions are confirmed. On the other hand, 
no recently isolated strains have been 
found capable of growing in this me- 
dium. All of the strains which grew in 
the liquid medium, except strain #107A, 


TABLE 5.—Acid production by strains 


of L. bifidus, 


Total Volatile Lactic 
acid acid acid 


Confizura- 
taal tion of 
Strains Se ee) ee -~ lactic 
MI of 0.1 N acid per 10 ml medium 
21.6 12.5 10. 

i2.8 8.3 


103A 
104B 


are agglutinated by the Ila-1 antiserum. 

The results of a study of the produc- 
tion of total acids, volatile acid, and 
lactic acid by strains #103A and #104B 
are presented in table 5. The amount of 
volatile acid, which is almost entirely 
acetic acid, the amount of 
lactic acid. The latter in all cases is 


exceeds 


dextro-rotatory. These observations are 
in agreement with results obtained for 
strains isolated at an earlier date.! 
DISCUSSION 

As can be seen from the schedule of 
inoculations, the antigenicity of the dif- 
ferent strains varied markedly. In some 
instances antiserums were produced in 
rabbits with great difficulty, in others 
with little or no difficulty. We have not 
found a single injection procedure which 
is satisfactory for all strains regardless 
of morphology. Repeated ‘injections of 
bacteria long time 
periods usually lead to antiserums that 


as antigens over 


cross react with more heterologous anti- 
gens than antiserums prepared over 
short periods of time. This is due to an 
increase in the concentration of anti- 
bodies against lesser antigens contained 
within the organisms.'* In spite of the 
long period of time required for the 
production of antiserums with titers of 
1:1280 or higher, there was no increase 
in cross reactions. Blaurock®:? and Bo- 
venter® also reported production of anti- 
serums having high agglutinin titers for 


18. Arkwright, J. A. 1931, A system of bac- 
teriology in relation to medicine. London, 
Privy Council, Med. Res. Council, 6: 406 
408. 
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the homologous organisms. However, 
Boventer® did not seem to have success 
with single strains and finally resorted 
to the use of polyvalent vaccines. These 
workers make no reference to branched 
or unbranched strains. 

The antigenic analysis was performed 
even though only a few of the strains 
demenstrated cross reactions. Recipro- 
cal adsorptions, in addition to the 
heterologous agglutination tests, indi- 
cate that five antigenic components, 
Ila-1, 2, 3, 4, 5, were identified among 
the strains of L. bifidus and a single 
antigenic component, IIb-1, was associ- 
ated with the strains of L. parabifidus 
studied thus far. 

Studies of antigenic components of 
lactobacilli have been limited largely to 
‘“‘surface’’ components which are detect- 
able by agglutination tests.'® Since only 
27 of the 82 branched strains were 
agglutinated in antiserums known to 
contain particular agglutinins, it is ap- 
parent that other surface antigens 
among strains of L. bifidus probably 
exist. In the case of those strains which 
were agglutinated by the various anti- 
serums, the number is about equally 
divided among Ila-1, 2 and 4. 

Inasmuch as the Jackson S strain is 
believed to be a mutant of the Jackson 
strain, the loss of antigenic relationship 
with all branched strains tested, except 
for #214B, is especially interesting. 
Strain $214B, when isolated late in 1950, 
had all of the characteristics of other 
strains of L. bifidus, and was carried in 
stock by making transfers in broth on 
alternate days. Agglutination tests with 
a suspension of the organisms in Feb- 
ruary, 1951 were negative for all anti- 
serums. The tests were repeated in 
July, 1951 and agglutination occurred 


19. A symposium: the nature of the bacterial 
surface, 1949, The Society for General 
Microbiology, Oxford, Blackwell Scientific 
Publications, pp. 106-122. 
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to a high titer in the IIb-1 antiserum 
only, even though culturally it was a 
microaerophilic, branched bacillus. In 
September the strain was lyophilized. 
It was recultured in March, 1952 and 
carried in stock broth again as described 
above. It still exhibited all of the char- 
acteristics found originally. In August 
and early September platings revealed a 
mixture of colonies; some contained 
organisms with branching, others or- 
ganisms with no branching. By the 
middle of September the plates con- 
tained only colonies of unbranched 
organisms. Agglutination tests with a 
suspension of the unbranched organisms 
show that agglutination still occurs only 
in the IIb-1 antiserum. It is apparent 
that this strain, at the time of the sec- 
ond agglutination tests, contained a 
mixture of unbranched mutants for 
which there was an antiserum, and 
branched organisms for which there was 
no antiserum. Since this strain subse- 
quently changed to an aerobic, un- 
branched bacillus the early agglutina- 
tion in antiserum from another un- 
branched bacillus seems to have indi- 
cated, in advance, that a transforma- 
tion was imminent. It appears that a 
similar change occurred in the strain 
labelled #211A(S), for it was a micro- 
aerophilic, branched bacillus when first 
isolated, but now is an unbranched 
bacillus and agglutinated in IIb-1 anti- 
serum. Agglutination of L. lactis $8000 
in IIb-1 antiserum suggests that there 
may be antigenic cross reactions be- 
tween homofermentative and _ hetero- 
fermentative organisms. 

Although only three strains of L. 
acidophilus (ATCC) were tested in all of 
the antiserums, the absence of any 
agglutination lends support to the view 
that these organisms differ in so many 
characteristics as to warrant separate 
species identification. 

The designations for the antigenic 
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components are made from a plan de- 
signed to distinguish between kinds of 
lactobacilli, as well as different types of 
antigenic components, as follows: 


A proposal for labelling antigenic com- 
ponents among members of the genus 
Lactobacillus 


I. Homofermentative —_lactobacilli— 
produce primarily lactic acid; mor- 
phologically unbranched bacilli; 
aerobic or microaerophilic. 

I—.A dash or minus sign following 
the Roman numeral signifies no 
subdivision of these microorgan- 
isms. If grounds for morphologic 
or cultural subdivisions are 


found by future research, lower 

case letters are suggested (see 

subdivisions of heterofermenta- 

tive lactobacilli). 

1. Arabic numbers (to follow I—) 
~~—a different number for each 
separate ‘‘surface’’ (not cap- 


sular) component. The arabic 

numbers 1 to 9 would replace 

the capital letters A to I, 

which have already been as- 

signed.!0.1! 

a. Lower case letters (to fol- 
low Arabic number)—a 
different letter for each 
separate protein antigen.”° 

Il. Heterofermentative lactobacilli— 
produce by products in addition to 
lactic acid, e.g., carbon dioxide, 
alcohol, and acetic acid. 

Ila. Produce volatile acids and lac- 
tic acid; no gas; branched ba- 
cilli; microaerophilic. 

1. Arabic numbers (to follow 
Ila)—a different number for 
each separate surface (not 
capsular) component. 

IIb. Produce less lactic acid 
than homofermenters; variable 


20. Jackson, S. W. and Williams, N. B. Unpub- 
lished work. 
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amounts of gas. Unbranched 

bacilli; aerobic and microaero- 

philic. 

1. Arabic numbers (to follow 
IIlb)—a different number 
for each separate surface 
(not capsular) component. 


The use of the plan may be visualized 
if a hypothetic formula is analyzed, e.g., 
IIb-1, 2., Ila-4., I—-1. The designation 
IIb indicates the kind of organism 
tested, and the arabic numbers 1 and 2 
refer to surface components within that 
group of organisms. The Ila indicates a 
cross with a second group of lactobacilli 
and the number 4 refers to a relation- 
ship with a specific antigenic compo- 
nent in this group. The I—-1 refers to a 
relationship with a third group and the 
specific component. No attempt has 
been made to consider species names 
along with these designations, since 
strains of lactobacilli with identical 
names may possess different antigenic 
components. 

Although the homofermentative and 
heterofermentative groups of lactobacilli 
described in Bergey’s Manual‘ have 
been used as the basis for the above dif- 
ferentiation of kinds of lactobacilli, it 
will be noted that the subgroups under 
the heterofermentative group are sepa- 
rated, in addition to other characteris- 
tics, on the basis of cellular morphology 
and production of varying amounts of 
gas. L. bifidus would be placed in the 
first subgroup and L. parabifidus in the 
second subgroup. Such an arrangement 
is contrary to Bergey’s Manual,‘ since 
L. bifidus is listed with homofermenta- 
tive lactobacilli and L. parabifidus is 
described along with L. bifidus. Accord- 
ing to this plan, the other types of 
heterofermentative lactobacilli, i.e., L. 
brevis, L. buchneri, etc., also would be 
placed in the second subgroup. 


Allowance has been made for sub- 








130 


division of the homofermentative lacto- 
bacilli, extension of the subdivision of 
the heterofermentative group, and addi- 
tion of other types of antigenic compo- 
nents that may be found by future re- 
search. It will be noted that no provision 
is made for a cellular carbohydrate com- 
ponent. Harrison, Zidek and Hemmens*! 
found that strains of homofermentative 
lactobacilli contained a_ serologically 
reactive carbohydrate. They reported 
two groups: one contained four or more 
serologic types; the other comprised 
serologically heterogeneous strains. The 
studies of Williams'® indicated that the 
carbohydrate precipitating antibody 
and the agglutinating antibody of some 
of the strains of lactobacilli used by 
Harrison et al." are identical. It ap- 
pears to be a duplication, therefore, to 
assign a separate symbol to carbohy- 
drate extracts of this nature. Prelimi- 
nary studies in this laboratory”® indi- 
cate that a serologically reactive pro- 
tein, not related to the surface compo- 
nents, may be obtained from homo- 
fermentative lactobacilli. Therefore, a 
tentative distinguishing symbol for such 
antigens has been included in this group. 
Certain strains of L. bifidus have been 
noted to produce extracellular poly- 
saccharides® If these substances are 
employed to differentiate strains, a dis- 
tinctive symbol can be assigned. It is 
proposed that arabic numbers and 
lower case letters be employed alter- 
nately, and in sequence, as difference sub- 
stances are discovered. The proposal 
for designation of antigenic components 
among organisms in the genus Lacto- 
bacillus has thus been utilized to desig- 
nate the five distinct components among 
the strains of L. bifidus studied as Ila-1, 
21. Harrison, R. W., Zidek, Z. C. and Hemmens, 
E. S. 1939, J. Infect. Dis. 65: 255-262. 
22. Malyoth, G. and Bauer, A. 1950, Ztschr. f. 
Kinderh. 68: 358-67; 1951. Ztschr. f. Biol. 
104: 404-408. 
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2, 3, 4, 5 and the single component 
among the strains of L. parabifidus 
studied as IIb-1. 

The tests for capacity to grow in the 
simplified medium of Hassinen et al’ 
indicate that growth of few strains of L. 
bifidus and no strains of L. parabifidus 
is supported by this medium. On the 
other hand, the data suggest a relation- 
ship between growth in the simplified 
medium and presence of a particular 
antigenic component. Only one strain 
out of the nine found to grow in the 
simplified medium was not agglutinated 
in the Ila-1 antiserum. Studies of the 
antigenic relationships of a strain before 
and after development of the capacity 
to grow in the simplified medium would 
be of particular interest. This is espe- 
cially true in view of the report of Har- 
rison™ that antigenic specificity of cer- 
tain strains of lactobacilli changed at 
the time of alteration in fermentative 
capacity. 

The agglutination tests of branched 
and unbranched strains indicate differ- 
ences between these strains which are 
demonstrable on the basis of mor- 
phology and biochemical activity. Thus, 
it seems to the authors that the data 
support the application of the name L. 
bifidus to the branched strains and L. 
parabifidus to the aerobic unbranched 
derivatives of the branched strains. 
There is still the possibility that more 
relationships may be demonstrated a- 
mong the lactobacilli when more com- 
plete antigenic analyses are available. 


SUMMARY 


1. The agglutination and agglutinin 
adsorption studies of 8 strains of Lacto- 
bacillus bifidus led to the recognition of 
5 distinct antigenic components, desig- 
nated IIa-1, 2, 3, 4, 5. A total of 27 out 


23. Harrison, R. W. 1942, J. Infect. Dis. 70: 77- 
97. 
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of 82 strains of Lactobacillus bifidus 
was agglutinated in one or more of the 
antiserums, indicating that all antigenic 
components have not been recognized. 

2. A satisfactory antiserum could be 
prepared with only one of two strains of 
L. parabifidus. Agglutination and ag- 
glutinin adsorption tests between these 
strains and strains of L. bifidus led to 
the recognition of an antigenic com- 
ponent designated IIb-1. All strains of 
L. parabifidus tested in this antiserum 
were agglutinated. 


3. All 


branched and unbranched 


strains grow in the medium employed in 
this work. No freshly isolated strains of 
L. bifidus and none of the strains of L. 
parabifidus were capable of growing in a 
simplified medium. All strains of L. 
bifidus capable of growing in the simpli- 


fied medium, except one, were aggluti- 
nated in the Ila-1 antiserums. 

4. A plan, based on the data pre- 
sented in this paper and the work of 
others, is proposed for assigning sym- 
bols to antigenic components of homo- 
fermentative and _ heterofermentative 
lactobacilli. 

















THE DEVELOPMENT OF ARSENIC RESISTANCE IN TRYPANOSOMA 
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The occurrence of arsenic-resistant 
strains of trypanosomes is very trouble- 
some in practical chemotherapy of 
African trypanosomiasis. The phenome- 
non has been recognized for a long time 
but very little has been known about 
its mechanism, and as far as we are 
aware no one has observed a change in 
the pattern of infection concomitant 
with the development of resistance. In 
order to study the metabolic changes in 
arsenic-resistant Trypanosoma gambi- 
ense, which will be reported elsewhere 
(von Brand et al, in press), it was neces- 
sary for us to develop a strain highly 
resistant to an arsenical. We agree with 
Yorke et al (1931) that the term ‘‘ar- 
senic resistance’ when applied to a 
strain made resistant to an organic 
arsenical is somewhat misleading, since 
the resistance is almost exclusively 
directed against the organic part of the 
drug molecule. However, in conformity 
with general usage we shall continue to 
use the term. 

In the present study the development 
of resistance to reduced tryparsamide in 
T. gambiense, and the changes in the 
pattern of infection in white rats, 
white mice, and guinea pigs which 
appeared after the strain had reached a 
high degree of resistance, will be dis- 
cussed. 


Received for publication September 4, 1952. 
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MATERIALS AND METHODS 


The Wellcome TS strain of T. gambiense was 
used as the normal strain in this study. It was re- 
ceived in February, 1947 through the courtesy of 
Dr. C. A. Hoare, from the Wellcome Labora- 
tories of Tropical Medicine, London, where it had 
been maintained in mice since 1934. Its beginning 
as a laboratory strain followed isolation from a 
patient at the Hospital for Tropical Diseases, 
London, in November, 1921. In 1947 mice in- 
fected with this strain survived for 3 to 4 days. 
In our laboratory our stock strain has been main- 
tained principally in guinea pigs, which survive 
2 to 4 weeks, depending on the number of para- 
sites given as inoculum. The drug-resistant strain 
was produced from the normal strain described 
above, except that a white rat had been infected 
to serve as the donor host. We chose to use rats 
as donor and test hosts since the disease produced 
by T. gambiense progresses more rapidly in rats 
and because a single rat would yield infected 
blood in amounts adequate for the control experi- 
ment and the exposure to various drug concen- 
trations. 

Resistance was developed to reduced tryp- 
arsamide, the same compound used by Yorke, 
Murgatroyd, and Hawking (1931). The parasites 
were exposed in vitro to successively higher con- 
centrations of the drug essentially as described by 
the above authors for producing resistance in 
Trypanosoma rhodesiense. The details of our pro- 
cedure were as follows: An infected rat with a 
high parasitemia was anesthesized, as much 
blood as possible was drawn from its heart, and 
the blood defibrinated and mixed with dextrose 
to bring the glucose content to about 400 mg 
percent. Ringer-serum solution* was added to 
this defibrinated blood to make a volume of 10 
ml. This was centrifuged at low speed, 1000 to 
1200 r.p.m. (relative centrifugal force 170 to 
250) for 3 minutes to remove the red blood cells, 


* Fifty percent rabbit serum and fifty percent 
Ringer solution: sodium chloride, 0.9 g; potas- 
sium chloride, 0.025 g; calcium chloride, 0.02 g; 
glucose, 0.2 g; distilled water, 100 ml. 
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and the supernatant containing the trypano- 
somes pipetted to another tube. Usually it was 
necessary to centrifuge a second time at low 
speed to remove the remaining red blood cells. 
The supernatant was then centrifuged at high 
speed, 3300 to 3500 r.p.m. (relative centrifugal 
force 1750 to 2090) for 5 minutes to spin down the 
trypanosomes, and 0.5 ml Ringer-serum was 
added to the trypanosome sediment. After thor- 
ough mixing, 0.1 ml of the suspension was added 
to each of 5 tubes, 4 containing 0.8 ml Ringer- 
serum plus 0.1 ml Ringer solution containing a 
specified drug concentration and one, a control, 
identically prepared except that no drug was 
added to the Ringer solution. After incubation at 
37 C for 1 hour, during which time the tubes 
were shaken about every 15 minutes, the 
trypanosomes were centrifuged at high speed and 
washed twice in 3 ml Ringer-serum solution. 
After the final washing 1 ml Ringer-serum was 
mixed with the trypanosome sediment in each 
tube and, where survivors were found micro- 
scopically, fresh test rats were inoculated intra- 
peritoneally with the suspension. The next donor 
was selected from test rats inoculated with 
trypanosomes which had been exposed to the 
highest drug concentration at which survival and 
infectivity were retained. 

Studies on the pattern of infection were begun 
about 5 months after the strain had become about 
600 times more resistant to reduced tryparsamide 
than the normal strain. During the interval the 
strain had been maintained by serial transfer 
through rats. Metabolic studies carried out at 
approximately the time the infectivity studies 
were begun showed that this type of maintenance 
had no influence on the resistance level. This is 
in agreement with Fulton and Yorke (1941), who 
observed that arsenic resistance once established 
is an extremely stable property of trypanosomes. 

The 2 strains were compared in 3 different host 
animals, white rats, white mice, and guinea pigs. 
In each experiment animals were inoculated 
intraperitoneally with definite numbers of 
trypanosomes per 100 g body weight. The 
parasite numbers were estimated by hemocytom- 
eter counts, and proper dilutions were made with 
Ringer-serum solution to allow a 0.2 ml suspen- 
sion to be inoculated. In each experiment animals 
were all of the same sex and of approximately 
the same weight. Rats averaged 200 g, mice 15 to 
18 g, and guinea pigs 200 to 220 g. The degree of 
parasitemia, in all experiments except one where 
hemocytometer counts were made, was deter- 
mined by microscopic examination of fresh drops 
of blood from the tail of the rats and mice and 
from the ear of the guinea pigs. Records were 
made according to the following scheme: p = tryp- 
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anosomes difficult to find (1, 2, or 3 in a drop); 
-+ =trypanosomes easy to find (up to 3 to 4 per 
4 mm objective field); ++ =trypanosomes more 
numerous (could be counted in a thin drop under 
the 4 mm lens); +++ =trypanosomes numerous 
(could not be counted under the 4 mm lens); 
+++-+ =trypanosomes extremely heavy (usual- 
ly limited to extreme numbers just prior to death). 
Animals were checked twice daily for survival. 
RESULTS AND DISCUSSION 
Development of the arsenic-resistant 
strain 

The manner in which resistance to 
reduced tryparsamide developed in our 
strain of 7. gambiense is shown in figure 
1, which also shows the data given by 
Yorke, Murgatroyd and Hawking 
(1931) concerning the development of 
resistance by T. rhodesiense to the same 
compound. It is evident that during the 
first 19 exposures T. gambiense showed 
no sign of increasing resistance. There 
were, however, minor variations in re- 
sistance, and it should be noted that at 


the 16th exposure the resistance was 
definitely lower than either before or 
after that point. 

During the first 16 exposures horse 
serum (Difco Bacto horse serum—nor- 
mal without preservation) was used in 


the Ringer-serum medium. At about 
this time physiological studies, using 
the strain maintained in rats at the 
13th exposure level, showed that horse 
serum was not entirely satisfactory and 
that the trypanosomes survived better 
in rabbit serum. Beginning with the 
17th exposure rabbit serum was used 
in the medium, and following the 19th 
exposure the resistance began to develop 
rapidly and reached a degree of resist- 
ance high enough for our use following 
the 25th exposure. It is possible that 
the trypanosomes at the 16th exposure 
were damaged by the horse serum in the 
higher drug concentrations rather than 
by the drug itself or that some other 
undetected factor, such as an unfavor- 
able pH, occurred. 
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Fic. 1.—Development of resistance to reduced tryparsamide in T. rhodesiense and T. gambiense; 


drug concentration at which trypanosomes survived exposures and were capable of infecting test rats. 


* Data of Yorke et al. (1931). 


Figure 1 shows clearly that the course 
of development of resistance was identi- 
cal in T. rhodesiense and in T. gambiense, 
even though at the start the former 
survived a higher drug concentration, 
developed resistance more rapidly, and 
finally did not tolerate quite as high a 
concentration of drug as 7. gambiense. 
The latter initially survived a concentra- 
tion of 1:3,200,000 and after the 25th 
exposure, 1:3,125. However, this does 
not indicate a 1000-fold increase in 
resistance, since in the early exposures 
the next higher concentration tested 
was 1:800,000, which proved lethal. It 
is probable that the trypanosomes would 
have survived some concentration be- 
tween the two. Metabolic experiments 
indicate about a 600-fold increase in re- 
sistance. 

The literature on drug resistance in 
summarized by von 
Brand (1951), indicates that most inves- 
tigators favor the hypothesis that grades 
of resistance, so high they cannot be 


trypanosomes, 


explained by a simple selection of the 
most resistant individuals of a mixed 
population, are due to mutation. We 
agree that some fundamental change has 
to be postulated, but wish to point out 
that the sudden, stepwise development 
of resistance is difficult to understand 
on the basis of a single mutation, unless 
some auxilliary hypothesis is invoked. 
Whether successive mutations, plas- 
matic inheritance according to Sonne- 
born (1949), or long lasting modifica- 
tions according to the interpretations of 
Jollos (1921) are involved cannot be 
decided at the present time. As pointed 
out by von Brand (1951), these features 
are difficult, if not impossible, to analyze 
in organisms that do not have sexual 
reproduction. 


The course of infection in rats, mice, 
and guinea pigs 


The average number of days mice, 
rats, and guinea pigs survived infection 
with the normal and the drug-resistant 
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strains of T. gambiense and the types of 
infection resulting in these animals are 
summarized in table 1. It is shown that 
in the three host species studied the 
average survival of the animals infected 
with the arsenic-resistant parasites was 
significantly longer than that of those 
infected with an equal number of non- 
resistant trypanosomes. The prepatent 
period (table 1) was slightly longer in 
each instance, with the exception of the 
rats inoculated with 1,000,000 trypano- 
somes, in which case it was exactly the 
same. It is obvious, then, that the dif- 
ference in the pattern of infection is due 
to the difference in the length of the 
patent period. Two types of infections 
were recognized in the host animals: 
(1) a progressive type, in which the 
parasites steadily increased in numbers 
in the bloodstream to a crucial point 
with death the result, and (2) a relapsing 
type, in which the parasites increased, 
then dropped noticeably in number only 
to increase again until death of the host 
resulted. 

With both the normal and arsenic- 
resistant strain the 


infection in mice 


TABLE 1. 
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followed solely the progressive pattern, 
while in guinea pigs the relapsing type 
was the exclusive pattern. However, in 
a number of guinea pigs several relapses 
occurred and between these relapses 
minor but fluctuations in 
parasitemia were evident. This agrees 
with the known infection pattern of 
practically all trypanosomes of the 
brucei and the evansi groups (Reichenow, 
1929). However, a different picture was 
presented by rats. All 45 infected with 
the normal strain (table 1 and table 2), 
regardless of size of inoculum, showed 
the progressive type of infection, but 
of 49 rats infected with the resistant 
strain (table 1 and table 2), only 14 
exhibited the progressive pattern while 
35 showed the relapsing pattern. Only 
one relapse was evident; so the first 
relapse strain proved fatal. 


noticeable 


Results of a study on the progress of 
parasitemia in 10 rats, 5 infected with 
the normal strain and 5 with the drug- 
resistant strain, are presented in table 3. 
Counts given show lower numbers of 
parasites in the bloodstream of animals 
infected with the drug-resistant strain 


Comparison of a normal and an arsenic-resistant strain of 


T. gambiense in various vertebrate hosts. 


Trypanosomes 
inoculated 
per 100 g 

body weight 


Number 

Strain oO 
animals 

Resistant 25 
50 ,000 - 
Normal 25 
Resistant 25 


1,000 060 - 
Normal 25 


Resistant $* 


50 ,000 
Normal 5* 


Resistant 10 


Guinea 50 ,000 - 
pigs Normal 10 


Average 
survival 
in days 


5.4+0.10f 
(4.5-6.5)T 


4.1+0.03 
(4.0-4.5) 


7.9+0.30 
(3.5-9.5) 


3.6+0.06 
(3.5-4.5) (0.5) 
9.3+0.30 
(8.5-10.5) 


4.9+0.30 
(4.0-5.5) 


46.9+3.80 
(26 .0-63 .5) 


20.5+2.80 
(9.5-37.5) 


Type of infection 
patent - 


Average 
prepatent 
period period 
in days 


Average 
Progres- Relaps- 
in days sive ing 


1.0+0.04} 


4.4+0.12t 
(0.5-1.5)T 


(3.5-6.0)T 25 0 


0.6+0.04 
(0.5-1.5) 


3.5+0.05 
(3.0-4.0) 25 


0.5+0.00 
(0.5) 


7.4+0.§8 
(3.0-9.0) 

0.5+0,.00 3.14+0.06 
(3.0-4.0) 


1.7+0.6 
(0.5-3.5) 


7.6+0.20 
(7.0-8.0) 


0.9+0.2 
(0.5-1.5) 


4.0+0.20 
(3.5-4.5) 


2.4+0.30 
(1.5-4.5) 


44.5+3.50 
(24.5-59.0) 


1.9+0.40 
(0.5-4.5) 


18.6+2.60 
(9.0-35 .0) 0 


* Identical with rats listed in table 2 inoculated with 100,000 trypanosomes (50,000 /100 g body weight). 


+ Range in days 
t Average + standard error. 
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TABLE 2.—The effect of the number of parasites inoculated on the pattern of infection in rats 
infected with a normal and an arsenic-resistant strain of T. eanens. 



































Number of Number of rats Average cureteal in days amy Type of infection 
trypano- tice OOS -———---~ —_ — — 
somes , Inocu- In- Appearance x Progres- Relape- 
inoculated lated fected Inoculation in blood Relapse sive ing 
Resistant 5 1 “9. o 3.5 1 0 
100 — ne eee acaencsnneesehins casemate _ . ——— 
Normal 5 2 uy? 7+0. it 3.720. it 
(7 .5-8.0)* G. 0-4. s)* 2 0 
Resistant 5 5 13.541.7 9.0+ 1.0. 3.0 2 1 
(11.5-16.5) (8.0-11.0) 
1,000 . 
Normal 5 3 9.5+2.5 4.6+0.2 3 0 
(7.0-14.5) (4.5-5.0) 
Resistant 5 5 11.3+0.8 7.4+0.5 3.0+0.4 1 4 
(9.54 13.5) (6.0-8.5) (2.5-4.0) 
10,000 - . ee - 
Normal 5 5 §.9+0.2 4.2+0.2 5 0 
(5.5-6.5) _(4.0-5.0) 
Resistant 5 5 9.34+0.4 7. 6+0. 2 3.0+0.4 0 5 
(8.5-10.5) (7.08.0) (2.0-4.0) 
100 ,000 - - — _ = sesmnedaemninneieennaseennnesens cenietneinel a 
Normal 5 5 4.940.3 4. 0+0.2 5 0 
(4.0-5.5) (3.5-4. 5) 
Resistant 5 5 6.2+1.0 $. 7+1. 0 3.3+0.3 3 2 
(4.0-9.0) (3.5-8.5) (3.0-3.5) 
1 ,000 ,000 - -—— -———_-—--- - --= - — + = ——-- 
Normal 5 5 4.0+0.2 3.5+0.2 5 0 
(3 .5-4.5) G. 0-4. 0) 
10 ,000 ,000 Resistant 5 5 9.2+0.2 8. 840. 2 3.7+0.2 0 5 
(8.5-9.5) (8.0-9.0) (3 .0-4.0) 


* Range in days. 
t Average + standard error. 


than in those infected with the normal 
strain on days when a comparison can 
be made. Even after the trypanolytic 
crisis the numbers did not increase as 
rapidly in the drug-resistant strain as 
in the normal strain. This indicates that 
the rate of reproduction of the arsenic- 
resistant trypanosome may be slower 


than that of the nonresistant trypano- 


some, but, of course, does not prove 
that it is the factor causing the lower 
numbers. 


The fact that the majority of rats 
infected with the resistant strain showed 
the relapsing type of infection indicates 
clearly that rather powerful immune 


TABLE 3.—Parasitemia in rats infected with a normal and an arsenic-resistant strain of T. gambiense, 
each rat inoculated with 100,000 wenppenene. nants counts given in millions tad mil. 
Days Day 
Rats - ™ met a —eepegenemenames macatgtiatae nema ane - of 
1 2 3 4 5 6 7 8 9 10 il death 
Normal strain 
1 p Dp 5.0 150.0 1050.0 5 
Died 
2 p 4.0 160.0 1210.0 5 
Died 
3 p p 17.5 457.5 a 
Died 
4 p 8.0 110.0 805.0 Dead 5.5 
5 p 4.0 160.0 1235.0 5 
Died 
Resistant strain 
870.0 
1 p 1.5 24.0 220.0 35.0% 65.0 215.0 1045.0 o) 
Died 
2 p 0.5 17.0 222.5 535.0 52.0% 210.0 965.0 9 
Died 
3 p p 0.5 14.0 3.0* 65.0 202.5 750.0 ad 8. 
4 p 1.0 59.0 337.5 325.0 28.0* 237.5 Dead 10.5 
5 p 3.0 50.0 462.5 705.0 410.0% Dead 9. 


* Lowest count due to trypanolytic crisis. 


19.0 47.5 











ARSENIC RESISTANCE IN TRYPANOSOMES 


reactions have set in. It is reasonable 
to assume that these did not appear 
suddenly on the day on which the re- 
lapse was evident but that they were 
already active on preceding days, pos- 
sibly causing the destruction of parasites 
on a minor scale, which would give the 
same picture as a slower multiplication 
rate. A study of the figures shown in 
table 3 indicates that the predeath level 
of parasites of the drug-resistant strain 
might be slightly lower than that level 
in the normal strain, but this does not 
mean that the drug-resistant strain 
produces more toxic substances. Dam- 
age done to the host certainly must be 
cumulative, so that a strain which re- 
quires a longer time to kill its host may 
do with smaller numbers of parasites 
what another strain does in a shorter 
time with greater numbers of parasites. 
It is of interest that the 14 rats (table 1 
and table 2) which succumbed to the 
the 
progressive type of infection survived 
an average of 5.0+0.63 days as com- 


arsenic-resistant strain following 


pared with those infected with the nor- 
3.6+0.06 
days, while the 35 resistant rats suffer- 
ing the relapse survived an average of 
8.4+0.12 days. However, 17 of these 
rats, for which the exact date of relapse 
was established (table 2), died 3.2 +0.13 
days after the relapse occurred. Thus 


mal strain, which survived 


the relapse strain proved fatal to the 
rats in approximately the same time 
required by the normal strain to kill its 
host. 

The survival time of animals infected 
with pathogenic trypanosomes is prob- 
ably determined essentially by three 
factors: (1) the reproductive rate of 
the parasites, (2) the pathogenicity of 
the and (3) the defense 
mechanism of the host. It is impossible 
mecha- 
physiological 


organism, 
to differentiate between these 


nisms in this case, but 


studies reported elsewhere (von Brand 
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et al, in press) have indicated a slightly 
lower metabolic level (lowered oxygen 
and sugar consumption, and pyruvate 
production) for the strain 
than for the normal strain. This may 
indicate that an unknown 
product or metabolic function, which is 


resistant 


toxic end 
damaging to the host, has been reduced. 
The infectivity, that is, the ability to 
become established in a host, as com- 
pared to pathogenicity, the amount of 
damage done to a host, was not signifi- 
cantly different in the two strains, as 
experiments with varying inoculums 
show (table 2). It should also be noted 
that the number of parasites required 
to produce a 100% infection was essen- 
tially the same in the two strains. 


SUMMARY AND CONCLUSIONS 


A comparison of the infectivity and 
pathogenicity of an arsenic-resistant 
strain of Trypanosoma gambiense with 
the normal strain from which it was de- 
veloped shows that white mice, white 
rats, and guinea pigs infected with the 
resistant strain survived significantly 
longer than those infected with the 
normal strain. 

Two patterns of infection were recog- 
nized, a progressive type and a relapsing 
type. Regardless of strain, all mice 
the pattern and 
guinea pigs the relapsing pattern. How- 
infected with the normal 
showed infection of the 


progressive type, while those infected 


showed progressive 


ever, rats 
strain only 


with the resistant strain showed both 


types, with the relapsing pattern pre- 


dominating. It is impossible to present a 
definite reason for the change in the 
pattern of which followed 
development of arsenic resistance in 
T. gambiense. Therefore, the two follow- 
ing explanations are presented: (1) the 
drug-resistant strain may have become 
less virulent by a reduced ability to 
multiply or to produce the same amount 


infection 
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of toxic products as the normal strain. 
This reduced virulence, in the case of 
the rats, would allow the immune 
mechanism of the body to build up to a 
greater degree than in the case of infec- 
tion with the normal strain, thus leading 
to a trypanolytic crisis which in turn 
would prolong the infection. The same 
mechanism would lead to lengthening 
the time between two relapses and to 
more relapses, as seen in the guinea 
pigs. In mice the immune mechanism 
apparently could not be built up to the 
same extent; at least no crisis was 
evident, but infection with the resistant 
strain nevertheless progressed more 
slowly. (2) One can assume that during 
the development of arsenic resistance 
the metabolic mechanism has changed 
not only quantitatively but also quali- 
tatively, leading to elaboration of differ- 
ent substances that change the immune 
response of the host. This also can ex- 
plain the prolonged infections, the lower 


number of parasites, and the occurrence 
of relapses. 
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THE DIAGNOSIS OF STAPHYLOCOCCAL MASTITIS, WITH SPECIAL 
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It is now recognized that staphylo- 
cocci may cause either an acute or 
chronic type of bovine mastitis. In some 
herds they may produce a greater in- 
cidence of infection than Streptococcus 
agalactiae, and they are often of special 
concern in herds in which streptococcal 
mastitis has been eliminated. However, 
there is still lack of information as to 
the most suitable tests or criteria for 
the diagnosis of staphylococcal mas- 
titis. More information is also needed 
regarding the characteristics of the 
staphylococci causing infection in the 
bovine udder. 

During the past five years, we have 
made detailed studies on methods for 
the detection of mastitis staphylococci 
in milk samples obtained at monthly 
intervals from a herd maintained at 
approximately 100 milking cows. Sam- 
ples from 305 different cows were tested. 
The herd was housed in two barns but 
milked by machines in the same milking 
parlor. During the last two years of 
study, the herd Str. 
agalactiae mastitis. 


was free from 


In this study, we were particularly 
interested in establishing the character- 


istics of those staphylococci that cause 
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an acute or a chronic type of mastitis 
infection. Thus, the type of hemolysis on 
sheep or cow blood agar, the coagulase 
reaction and the types of toxins pro- 
duced by the staphylococci were corre- 
lated with the period and type of in- 
fection in the udder and with the leuco- 
cyte count of milk samples. The patho- 
genicity of selected strains of staphylo- 
cocci and the toxicity of different types 
of toxins were determined by infusion 
into healthy quarters of experimental 
cows. 


METHODS 


Collection of milk samples.—Before the collec- 
tion of samples, the teats were carefully disin- 
fected with a 1:1000 solution of mercuric 
chloride. The hands of the sample collector were 
also disinfected with this solution before collec- 
tion of samples from each cow. About 20 ml of 
milk were then drawn from each quarter into a 
sterile, screw-cap bottle. During the latter part 
of the study, each bottle contained 1 ml of a 
1:1000 dilution of sodium azide to inhibit the 
growth of Foremilk 
samples were used; no milk was discarded before 
the samples were collected. The samples were 
kept on ice during transportation when unin- 
cubated samples were to be tested. 

Examination of samples. 


possible contaminants. 


The following rou- 
tine tests were made on all samples after in- 
cubation at 35 C for 18 hours. 

1. Microscopic test.—Stained films were pre- 
pared by the Prescott and Breed technique for 
the determination of leucocyte count per ml of 
milk sample. A record was also made of the 
presence or absence of staphylococci or other 
bacteria in these preparations. 

2. Culture tests.—One loopful (0.01 ml) of each 
milk sample was streaked over one-quarter of a 
blood agar plate, 1 plate being used for the 4 
quarter samples from each cow. After incubation 
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for 36 to 48 hours at 35 C, the plates were ex- 
amined for hemolytic staphylococci. Records 
were made as to the type of hemolysis produced 
on these plates. Following the terminology used 
by other investigators, a clear zone surrounding 
the colony or growth was designated as a, a zone 
of partial hemolysis or darkened red cells as 8 and 
the combination of a clear and a partial zone of 
hemolysis as a-f. 

The basic medium contained 2% tryptose, 
0.1% glucose, 0.5% sodium chloride and 2% agar 
at a pH of 7.0. While 5% citrated sheep blood 
was generally added to the medium, a number of 
tests were made on samples comparing sheep, 
cow and rabbit blood. The cow blood was ob- 
tained from young animals. 

3. Coagulase test—At each monthly sampling 
period, the hemolytic staphylococci developing on 
the blood agar plates were tested for their ability 
to coagulate rabbit citrated plasma or whole 
blood. During the first part of this study, pure 
cultures were isolated in yeast extract broth. 
After 18 hours incubation at 35 C, 0.1 ml of the 
culture was added to 0.5 ml of plasma. Coagula- 
tion was determined after 2 hours incubation at 
37 C and 24 hours incubation at room tempera- 
ture. Later it was found that a simpler and 
efficient technique was to suspend 1 large loopful 
of organisms taken directly from the blood plates 
in 0.1 ml of nutrient broth or saline in small 
tubes. To this suspension, 0.1 ml of citrated whole 
rabbit blood was added and the coagulation reac- 
tion determined after a 2-hour incubation period 
in a water bath at 37 C. A final reading was gen- 
erally made after the tubes had incubated at 
room temperature for 24 hours. 

Production and titration of toxins—For the 
production of toxins, colonies chosen from the 
blood plates were inoculated into a starch broth 
Bacto-tryptose, 1% Bacto- 
proteose peptone, 0.2% soluble starch, 0.5% 
sodium chloride, 0.5% glucose, 0.5% KH.PO, 
and 0.5% K,HPO,. The pH was adjusted to 7.2. 
After 18 to 24 hours incubation, 1 ml of the 
broth culture was spread over an agar medium 
with the same composition as above plus 1% 
agar in 100 or 150 mm Petri dishes. The cultures 
were incubated at 35 C in an atmosphere con- 
taining 25% carbon dioxide. 


containing 2% 


For routine titrations, the toxins were har- 
vested after 48 hours incubation by pressing the 
material from the Petri dishes through three 
layers of cheesecloth followed by centrifugation. 
If sterile toxins were desired, the clear filtrates 
were passed through Selas filters. Otherwise they 
were titrated directly after centrifugation. 
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Toxins were titrated by making duplicate serial 
dilutions in saline from 1:2 to 1:16,384 in ag- 
glutination tubes, each tube containing 0.4 ml 
of the diluted toxin. One-tenth ml of a 1% saline 
suspension of washed sheep red blood cells was 
added to one series, and a similar suspension of 
rabbit cells to the second series. Hemolytic titers 
were determined after 1 hour of incubation in the 
water bath at 37 C and after incubation overnight 
at 8 C. For the detection of 6 toxins, the filtrates 
were also titrated using horse red blood cells. 
Preparation of antitoxins.—For the produc- 

of antitoxins, Selas filtered toxins were 
titrated by the tube method and formalin added 
to make 0.3% final concentration. The formalized 
toxins were then incubated until they no longer 
lysed rabbit cells. Beta toxins were used without 
detoxification. One ml of the toxoid or toxin was 
injected intravenously in rabbits every other day 


tion 


Rabbits were 
usually kept over a period of months and booster 
doses of 1 ml were given a few days before they 
were bled. 


until 6 injections were given. 


RESULTS 


Approximately 24,000 quarter sam- 
ples were tested to compare the effi- 
ciency of different tests for the diagnosis 
of staphylococcal mastitis. The char- 
9,000 strains of 
staphylococci isolated from the samples 
were studied. 

Microscopic test.—It was definitely 
established that the presence of staphy- 
lococci causing bovine mastitis cannot 
be accurately determined by micro- 
scopic examination of incubated milk 
samples. Many samples reported as 
negative by this test were found to con- 


acteristics of about 


tain hemolytic, coagulase-positive staph- 
ylococci when 1 loopful (0.01 ml) of 
the incubated milk sample was smeared 
over blood agar; also, samples which 
were recorded as positive on the basis 
of the microscopic test 


(presence of 
typical staphylococci) were found to 
contain no hemolytic staphylococci. 
Schalm (1948) reported similar results. 

Culture iests.—The comparative value 
of shee», cow and rabbit blood agar 
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plates for the detection of mastitis 
staphylococci was determined by cor- 
relating the type of hemolvsis with the 
coagulase reaction, toxin production 
and pathogenicity of the staphylococci 
present in the milk samples. 

In all cases, the blood agar plates 
were incubated at 35 C for 36 hours and 
examined for typical a, 8 or a-8 zones 
of hemolysis. We found 36 hours incu- 
bation optimum, although good results 
can be obtained when the plates were 
incubated for 48 hours. 

Either sheep or cow blood appears to 
be satisfactory for the identification of 
pathogenic staphylococci in milk sam- 
ples. A 98% correlation between the 
two was found in 1656 quarter samples 
tested. well have 
been due to experimental error. Sheep 
blood 


The difference may 


was used routinely throughout 
this study. It is important that the 
blood contain no staphylococcal anti- 
toxins, although we found this no prob- 
lem if suitable animals are selected for 
bleeding. In some cases, more distinct 
zones of hemolysis were obtained when 
plates were prepared with washed 
sheep or cow red blood cells. Such blood 
plates also appeared to keep for a 
longer period of time in the refrigerator 
than the made from 


plates whole 


blo« rd. 
Agar with rabbit 


plates prepared 


blood were not satisfactory for the de- 
tection of pathogenic staphylococci in 
the milk samples. On the basis of tests 
on 1661 quarter samples using rabbit 
blood agar plates and sheep or cow blood 
agar plates, the correlation was only 
60%. Many staphylococci or 
micrococeci which produced hemolysis 
on the rabbit 


about 


blood showed no hemol- 
ysis on the sheep or cow blood agar 
plates. Such strains were found to be 
coagulase-negative. Another disadvan- 
tage is that the B type of hemolysis can- 
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not be detected on the rabbit blood agar 
plates. 

In order to compare the efficiency of 
unincubated and incubated milk sam- 
ples for the diagnosis of staphylococcal 
mastitis, 1380 different samples were 
smeared on blood plates before and 
after incubation. Hemolytic coagulase- 
positive staphylococci were found in 411 
of the unincubated quarter samples and 
in 565 of the incubated samples. Thus, 
in the unincubated samples, the organ- 
isms were missed in 154, or 27%, of the 
samples that were positive after incuba- 
tion. Schalm (1948) obtained somewhat 
similar results. However, it was noted 
that only about a 7% discrepancy oc- 
curred in those samples with a leucocyte 
count of 1 million or more per ml. By 
use of blood agar plate counts, it was 
demonstrated that many more staphy- 
lococci in the milk from 
quarters with a high leucocyte count. 
In unincubated samples with no leuco- 
cyte counts, the number of hemolytic, 
coagulase-positive staphylococci 


are shed 


were 


often less than 100 per ml. In samples 


with leucocyte counts of 1 million or 

the bacterial counts usually 

averaged about 500 to 1000 per ml. 
The above results would explain the 


more, 


discrepancy obtained with incubated 
and unincubated samples when only 
0.01 ml of the milk sample is smeared on 
blood agar plates. Murphy (1943) sug- 
gested that the quarters could be con- 
“uninfected” if the milk sam- 
ples contained less than 200 hemolytic 
staphylococci per ml. In our studies, 


cows with a well established chronic in- 


sidered 


fection of a year or more duration some- 
times shed less than 200 staphylococci 
per ml at different periods. It 
should be however, that for 
samples with leucocyte counts of less 
than 1 million, when the staphylococci 
were present in the incubated but not 


test 
noted, 
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in the unincubated samples, they some- 
times were not found in such samples on 
subsequent tests. This perhaps indicates 
that in such cases the infection had not 
become established. 

The argument has been offered that 
incubated samples may not be reliable 


for the detection of mastitis staphylo- 


cocci since hemolytic staphylococci from 
the skin and hair of cows and even from 
the air of the dairy barns might get into 
the milk samples and multiply during 
incubation. To obtain some information 
on this question, the teats and lower 
portion of the udders of 75 cows were 
swabbed with a moistened, sterile cotton 
swab immediately before and 2 minutes 
after Blood 


disinfection. agar plates 


Fic. 1. 
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were also exposed in the barns for 5- to 
15-minute periods. Hemolytic coagu- 
lase-positive staphylococci were isolated 
from the udders of 11 out of the 75 cows 
tested before disinfection but none from 
the udders after dis- 
hemolytic, 


the swabs from 
infection. No coagulase- 
positive staphylococci could be isolated 
from 25 plates exposed in the dairy 
barns. 

In general, no appreciable difficulty 
was experienced with contamination in 
incubated samples which were carefully 
However, during the latter 
part of this study, the growth of air con- 


collected. 


eliminated 
by adding sodium azide to the sample 
bottles to make a 


taminants was practically 


final concentration 


Types of hemolysis produced on sheep blood agar by staphylococci isolated from the 


udders of cows. 1, 8 hemolysis; 2, a hemolysis; 3, a-8 hemolysis; and 4, weak hemolysis. Cultures 1, 
2 and 3 are coagulase-positive; culture 4 is coagulase-negative. 
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of 1:20,000 in the milk sample. The 
concentration of sodium azide used pro- 
duced no apparent inhibition of the 
growth of the staphylococci in the in- 
cubated milk samples. 

Mediums described by Chapman 
(1946 and 1948) for the identification of 
pathogenic staphylococci had no ad- 
vantage over blood agar and had the 
definite disadvantage of offering no in- 
formation on the types of hemolysins or 
toxins produced by the organisms. 

Coagulase tests——Chapman et al 
(1934), Cruickshank et al (1937), Chap- 
man et al (1938), Cowan (1938), 
Plastridge et al (1939), Fairbrother 
(1940), Slanetz et al (1945), Schalm 
(1948) and others have demonstrated 
that the coagulase reaction is a valuable 
and accurate test for the identification 
of pathogenic staphylococci. 

Over the period, approxi- 
mately 9000 strains of staphylococci 


5-year 


isolated from blood agar plates prepared 
from quarter milk samples were tested 
for their coagulase reaction. The results 
obtained were carefully correlated with 
the type of hemolysis produced on the 
blood agar plates and, for many of the 
strains, with the type of toxins they 
formed. Records were also kept on the 
type and permanencey of the infection 
the organisms produced in the udders 
of the test cows. 

On the basis of the data collected, the 
following conclusion appears justified. 


All staphylococci from the milk samples 


are coagulase-positive if they produce 
ana, an aand £, or a 8 zone of hemolysis 
on sheep or cow blood agar. Cultures 
which produced small a zones of hemol- 
ysis (1 mm or less from edge of growth) 
were found to be coagulase-negative in 
practically 100 % of the cases. As will be 
indicated later, they were also found 
to be weak toxin producers. Two hun- 
dred and 


thirty-two strains of non- 
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hemolytic micrococci isolated from the 
blood agar plates were also found to be 
coagulase-negative. The above results 
indicate that with proper experience, 
the coagulase-positive or pathogenic 
staphylococci can be detected on the 
basis of the type of hemolysis produced 
on the blood agar plates. Typical hemo- 
lytic zones produced by these staphylo- 
cocci on sheep blood agar are shown in 
figure 1. 

Toxin production.—The amounts and 
types of toxins produced by 818 strains 
of staphylococci isolated directly from 
blood agar plates were determined 
during this study. Of these, 423 strains 
produced a and 8 hemolysis, 183 strains 
produced 8 hemolysis, 89 strains pro- 
duced a@ hemolysis and 123 strains were 
weakly hemolytic (less than 1 mm zone 
of hemolysis). All of these strains were 
coagulase-positive except the last 123 
strains listed. 

The types of toxins were identified 
chiefly on the basis of hemolysis of 
rabbit and sheep red blood cells. Alpha 
toxin alone was considered present in a 
filtrate if both rabbit and 
were lysed and no marked 
the hemolytic titer of the sheep cells 
occurred in the cold after incubation for 


sheep cells 
increase in 


24 hours at refrigerator temperature 
(8 C). Alpha and beta toxins were listed 
as present when both rabbit and sheep 
red blood cells were lysed and a definite 
increase in the hemolytic titer of sheep 
red blood cell lysis developed after incu- 
bation in the cold for 24 hours. Beta 
toxin alone was considered present if 
lysis of sheep cells occurred after 24 
hours incubation in the cold with no 
lysis of rabbit cells. Some strains were 
tested for their ability to produce 6 toxin 
by titration of the filtrates, using horse 
red bood cells in addition to rabbit and 
sheep red blood cells. It should be noted 
that in the final identification of the 
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toxins, the above tests were correlated 
with the type of hemolysis produced by 
the organisms on blood agar plates and 
by use of specific antitoxins. 

All except 6 (99.5%) of the 695 
coagulase-positive staphylococci tested 
for toxins produced hemolytic titers of 
1:128 or higher on either rabbit or sheep 
red blood cells. Many of the strains pro- 
duced potent a@ and £6 toxins, the titers 
ranging from 1:1024 to 1:16,384, the 
highest dilution tested. On the basis of 
the tests used, none of the strains pro- 
duced only a toxin. Ten of the 695 
strains produced £ toxin alone. All the 
remaining strains formed both a and B 
toxins. 

Bryce and Routree (1936), Minnett 
(1936), Slanetz et al (1945), Christre 
et al (1946), Smith (1947), Elek and 
Levy (1950) and Pellet et al (1950) have 
also reported that staphylococci of ani- 
mal origin usually produce both @ and 
B toxins. In this study, a number of 
strains were also tested for their ability 
to produce the 6 type of toxin described 
by William and Harper (1947), Elek 
and Levy (1950), Marks and Vaughan 
(1950), Marks (1950 and 1951). The 
majority of the strains tested formed 
the 6 toxin as well as a and @ toxins. 
Thus it appears that typical, patho- 
genic mastitis staphylococci generally 
produce @ and 8 or a, B and 6 toxins. 
Only occasionally is a strain encountered 
which forms only 6 toxin. It should be 
further noted that the type of toxin 
produced by a given strain could not be 
definitely predicted on the basis of the 
type of hemolysis produced on the blood 
agar plates. For example, 183 strains 
produced only 8 hemolysis of the sheep 
blood agar plates but 173 of these 
strains were found to produce both a 
and 8 toxins by the tube titration tests 
of toxin filtrates. Also, 68 cultures were 
recorded as forming only a hemolysis 
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on the sheep blood agar plates. How- 
ever, when the toxins produced by these 
strains were titrated, both a and £6 
toxins were present. 

None of the toxin filtrates from 123 
weakly hemolytic, coagulase-negative 
strains produced toxin titers above 1:64 
for either rabbit or sheep red bleod 
cells. No toxins could be detected in the 
filtrates from some of the strains. This 
is further evidence that these organisms 
are nonpathogenic and can be disre- 
garded as causative agents of bovine 
mastitis. Cowan (1938) also observed 
that only the coagulase-positive staph- 
ylococci formed toxins. 

Antitoxin production.—As an aid in 
determining the types and character- 
istics of staphylococcal toxins, specific 
antitoxins were produced in rabbits, 
using toxoid or toxins from strains pro- 
ducing 8 toxin, @ toxin and a@ and 6 
toxin. Since no culture was isolated 
from the milk samples which produced 
only @ toxin, a human strain (Wood 46) 
was used for obtaining this type of 
toxin. 

Neutralization studies on the toxins 
produced by a number of various strains 
of staphylococci confirmed the results 
reported in the previous section on the 
types of toxins produced by mastitis 
staphylococci. 

Leucocyte counts in relation to staphy- 
lococcal mastitis~—Leucocyte 
were made on all quarter samples 
tested during the 5-year period and 
correlated with the presence of hemo- 
lytic staphylococci in the samples and 
the period of infection in the cows. 
Some investigators feel that a positive 
diagnosis for staphylococcal mastitis 
should not be made unless hemolytic 
staphylococci are present and a leuco- 
cyte count of 1 million or more per ml 
of the milk samples is obtained. 

In our studies, only 47% of 


counts 


the 
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quarters with a continuous infection for 
periods of 3 to 12 months gave leucocyte 
counts of 1 million or more per ml at 
each test period. Observations were also 
made on the leucocyte counts of samples 
collected at monthly intervals over a 12- 
to 36-month period from 56 quarters of 
25 cows which were continuously in- 
fected or were shedding hemolytic, co- 
agulase-positive staphylococci for peri- 
ods of 1 year or more. The leucocyte 
counts often varied from 0 to 10 million 
or more at each monthly test period. 
However, the leucocyte count for prac- 
tically all quarters was less than 1 


E 
= 


Leucocytes in 
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million for several of the monthly test 
periods. Typical examples of the results 
obtained for 1 cow are given in figure 2. 

It was noted that, once a leucocyte 
count of 1 million or more and hemo- 
lytic, coagulase-positive staphylococci 
were present in the milk at a test period, 
the infection often persisted thereafter. 
Thus, in a group of 25 cows selected at 
random from the herd under study, only 
8 cases were observed over the 5-year 
period in which the leucocyte count was 
1 million or more and the staphylo- 
cocci were eliminated from the quarter 
without treatment. However, in 42 
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Fluctuations in leucocyte counts in milk samples collected at 1-month intervals from cow 


384 over a 22-month period. Hemolytic, coagulase-positive staphylococci were present continually 


during this time in samples from the two quarters listed. 
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newly infected quarters with leucocytes 
counts which were below 1 million, the 
staphylococci disappeared at the next 
test period. In milk from 576 quarters 
which contained weakly hemolytic, co- 
agulase-negative staphylococci, only 
3.8% of the samples gave leucocyte 
counts of 1 million or more. In most 
cases these organisms disappeared from 
the quarters on subsequent tests. 
Pigment production.—No systematic 
attempt was made to classify the many 
strains of staphylococci isolated during 
this study on the 
However, 


basis of pigment 
representative 


strains were tested at various times and 


production. 


the type of pigment produced was cor- 
related with the coagulase reaction of 
the organisms. The cultures were grown 
on Chapman (1948) medium and were 
identified as Staphylococcus aureus (M1- 
crococcus pyogenes var. aureus) if the 
growth was orange, Staphylococcus albus 
(Micrococcus pyogenes var. albus) if no 


pigment was discerned and Staphylo- 
coccus citreus (Micrococcus citreus) if a 
lemon yellow pigment was formed. 

In one series of tests, 161 strains of 
coagulase-positive and 126 strains of 
coagulase-negative staphylococci were 
checked for pigment formation. Of the 


161 coagulase-positive strains, 143 
(88.89%) were classed as Staph. aureus, 
9 (5.6%) as Staph. albus and 9 (5.6%) 
as Staph. citreus. Of the 126 coagulase- 
negative cultures, 67 (53.1%) were 
classed as Staph. aureus, 56 (44.4%) as 
Staph. albus, and 3 (2.5%) as Staph. 
citreus. Similar results were obtained on 
other cultures studied. As others have 
noted, it is evident that pigment pro- 
duction cannot be employed as an indi- 
cation of the pathogenicity of a given 
strain. It interest to note that 
Staph. citreus was isolated from cases of 
either a chronic or an acute staphylo- 
coccal mastitis in at least 15 different 
quarters in this herd. 


is of 
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Duration and spread of staphylococcal 
mastitis.—-A number of quarters in this 
herd were chronically infected for as 
long as 3 to 5 years with the hemolytic, 
coagulase-positive staphylococci. Once 
the infection bec: mes established, it 
may exist as a subclinical condition, 
during which time only a few staphylo- 
cocci and no leucocytes may be shed in 
the milk. However, any time during a 
lactation period, the infection may be- 
come acute, as evidenced by a high leu- 
cocyte count, abnormal milk or swelling 
of the quarter. The hemolytic, coagu- 
lase-positive staphylococci disappeared 
or were apparently eliminated from the 
quarters without treatment in about 
10% of the cases. This generally oc- 
curred during the first few months of 
infection before leucocytes could be de- 
tected in the milk. In no instance did a 
coagulase-negative staphylococcus per- 
sist in the quarter samples for longer 
than a 3 to 6-month period; no evidence 
was obtained that such organisms pro- 
duced cases of acute staphylococcal 
mastitis. 

When the data on the incidence and 
spread of staphylococcal mastitis in the 
experimental herd were analyzed for the 
5-year period, it was evident that a high 
rate of spread of this infection was oc- 
curring. Of the 248 test cows exam- 
ined over a 38-month period, 161 were 
free from hemolytic, coagulase-positive 
staphylococci in all quarters at the start 
of the test. Only 3 of these cows were 
negative in all quarters after 12 months 
and only 1 was negative after 19 months. 
On the basis of individual quarters, it 
was found that the average spread of 
infection rate was about 20% per year 
in the 804 originally negative quarters 
studied. Studies are in progress to de- 
termine whether sterilization of the 
milking machine teat cups between 
each cow will reduce the spread of this 
infection in the herd. 
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TABLE 1.—Results of injection of udders with selected strains of staphylococci. 


Number of bacteria 
injected 
(24 hr. culture) 


Quar- 


Ss 
tor train 


RR 300 million washed cells 


None 
RF x in 5 ml saline 


None 


RR ‘ None 


RF x 5 billion bacteria (5 ml 
LF diluted broth culture 


RR 50 billion bacteria (5 ml 
undiluted broth culture) 


Clinical symptoms 


Cow 110 


Quarter swollen for 72 hi 
Quarter swollen for 72 hr 
LR s Quarter swollen for 4 days; 
fibrosis developed 


Quarter swollen 48 hr.; 
temp. 105.4 F in 12 hr 


Condition of 


ure fe 
milk Duration of infection 


Normal 
Normal 


None 
10 days 
Normal 3 months (then eliminated by 

treatment with aureomycin) 

9 days 
9 days 
9 days 


Abnormal 72 hrs. 
Abnormal 72 hrs. 
Abnormal 4 days 


Abnormal 2 days 2 months (then eliminated by 


treatment with aureomycin) 


Cow 160 


RF Normal 
RR Normal 


5 billion bacteria (S ml 
LF f diluted with culture) 


LR Quarter highly swollen for 
days 


* See text for type of toxins produced by each strain. 


Virulence or pathogenicity studies in 
experimental cows.—The virulence or 
ability of selected strains of staphylo- 
cocci to produce mastitis infection was 
tested by injection of the organisms 
through the teat canal into the quarters 
of young, lactating cows free from hemo- 
lytic, coagulase-positive staphylococci. 
The strains of staphylococci used for 
this experiment produced the following 
types of toxins: strain 1 8, strains 8 and 
50 a-B-6, strain 71 a-8 and strain Wood 
46 a-6. All of these strains gave typical 
hemolysis on blood agar plates and were 
coagulase-positive. Strains 1, 8, 50 and 
71 had been recently isolated from cases 
of mastitis The Wood 46 
strain was the classical a toxin-produc- 
ing strain originally isolated from human 
sources. Table 1 shows the results of a 
series of injections in 2 cows with the 
above strains. 


infection. 


From these experiments, it is evident 
that large numbers of staphylococci are 
necessary to establish a permanent mas- 
titis infection in certain cows. When 5 
billion organisms were injected, active 
infections were established, although 
one cow (110) was able to eliminate the 


infection after 9 days even when such 


Quarter swollen for 9 days 


Normal 6 weeks (then eliminated by 
teratment with aureomycin) 
6 weeks (then eliminated by 
treatment with aureomycin) 
6 weeks (then eliminated by 
treatment with aureomycin) 
6 weeks (then eliminated by 
treatment with aureomycin) 


Abnormal 3 days 
Abnormal 9 days 


Abnormal 9 days 


large numbers were injected. While a 
staphylococcus producing only 8 toxin 
(strain 1) established itseif in the mam- 
mary tissue, no evidence of irritation or 
clinical symptoms of mastitis were ob- 
served other than an occasional leuco- 
cyte count of 1—2 million. It was demon- 
strated that marked irritation did de- 
velop when a toxin-producing strains 
were injected, even when these formed 
no B toxin. While a very severe reaction 
developed for a few days when 5 ml of a 
broth culture of strain 8 were injected, 
severe gangrenous mastitis did not de- 
velop in the infected quarter. Schalm 
(1944) reported that gangrenous mas- 
titis was produced when 5 ml of pooled 
staphylococcus cultures were infused 
into quarters of lactating cows. This 
may be further evidence that there are 
differences in the susceptibility or re- 
sistance of individual cows to infection 
with staphylococci. 

Toxin studies in experimental animals. 

The toxicity or irritating effects of 
toxins produced by the same strains of 


staphylococci described in the previous 
section were tested by injection into 
quarters of experimental cows. The tox- 
ins were produced as outlined under 
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Methods and were made free from staph- 
vlococci by passage through Selas filters. 
The filtrates were then titrated and 
tested for sterility before injection via 
the teat canal into the quarters of the 
test cows. 

On the first series of tests, 5 ml of an 
a-8-6 toxin from strain 8 (titer S, 1:512; 
R, 1:128; H, 1:32)* were injected into 
the RF quarter and 5 ml of a @ toxin 
(S, 1:32; R, 0) in the LR quarter of cow 
160. No hemolytic, coagulase-positive 
staphylococci had been detected in the 
milk of this cow on repeated tests over 
a 2-month period. Twelve hours after 
injection of the toxin, the RF quarter 
was markedly swollen and inflamed; the 
milk production was reduced by 50% 
from this quarter and the milk was dis- 
colored and contained clots. The tem- 
perature of the cow was 101.2 F. The 
milk contained a few clots for about 2 
days following the injection but there- 
after the quarter and milk returned to 
normal. No irritation could be demon- 
strated following the injection of the B 
toxin into the LR quarter and no in- 
crease in leucocyte count was observed 
in the milk. In further tests with the 8 
toxin, 20 ml and 75 ml (titer S, 1:64; 
R, 0) were injected into different quar- 
ters of this cow. No irritation was pro- 
duced by the 20 ml volume. The quarter 
receiving the 75 ml amount showed some 
swelling in 12 hours, the milk being of a 
watery consistency and containing a few 
fine clots. The temperature of the cow 
was normal but the milk flow was de- 
creased by one-third. In two days the 
milk and quarter returned to normal. 

To further study the effect of differ- 
ent staphylococcal toxins on the mam- 
mary tissue, the following toxins were 
injected into different quarters: (a) 5 ml 


* Refers to hemolytic titer against sheep (S), 
rabbit (R), and horse (H) red blood cells. 
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toxin from strain Wood 46 (titer R, 
1:256;S, 1:64; H, 1:8) diluted with 5 ml 
saline; (b) 20 ml 8 toxin from strain 1 
(titer S, 1:256; R, 0; H, 0); (c) 5 ml of 
toxin (a) mixed with 5 ml of toxin 
(b); (d) 10 ml toxin from strain 8 
(titer R, 1:1024;S, 1:512; H, 1:8); and 
(e) 15 ml toxin from strain 71 (R, 
42542¢:S, 12228, R, 0). 

To summarize briefly the results ob- 
tained, it was definitely demonstrated 
that the @ toxin is highly irritating to 
the mammary tissue and when injected 
will produce typical clinical symptoms 
of acute mastitis. Some evidence was 


obtained that toxins from strains pro- 


ducing both @ and 6 toxins are more 
irritating than toxins from strains pro- 
ducing only a and £ toxins. It was also 
definitely demonstrated that 8 toxin 
is nonirritating to the mammary tissue 
unless injected in very large amounts. 
However, it was found that 8 toxin may 
have a synergistic effect with 6 toxin 
which increases the toxicity or irritating 
effects of such mixtures on the mam- 
mary tissue. This synergistic effect was 
also demonstrated by necrosis tests in 
rabbits increase in the 
hemolytic zone on sheep blood agar 
plates. Thus strains which produce 
a-6-8 toxins may be more pathogenic or 
virulent than @-8-producing strains. The 
a toxins produced marked fibrosis of 
the mammary tissue. 

The blood and milk serum of cow 160 
was tested for staphylococcal antitoxins 
following the injections of the toxins. 
The milk serum contained no B- or 
6-neutralizing antibodies but did contain 
appreciable amounts of @ antitoxins. 
The blood serum completely neutralized 
the B and the a and 6 toxins of strains 
1, 8 and Wood 46. During the studies 
some of the results indicated that such 
antitoxins reduced the irritating effects 
of diluted toxins. This suggests that the 


and by an 
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antitoxins may play some role in the 
resistance of a cow to staphylococcal 
mastitis. 

Cow 110, who had previously been 
infected artificially with various strains 
of staphylococci, was also injected with 
similar amounts and combinations of the 
toxins All quarters 
hemolytic, coagulase- 
positive staphylococci at the time the 
toxins were injected. However, the 
blood and milk serum of this cow did 
contain a and @ antitoxins. 

In general, the results were 
obtained as have been described above 
for the tests with cow 160. The 8 toxin 
injected was nonirritating. The @ toxins 
were highly irritating to the mammary 
tissue, producing typical symptoms of 
acute mastitis. When the 8 toxin was 
mixed with 


described above. 


were free of 


same 


increased 
toxicity was produced again, indicating 
that the 8 toxin may have an additive 
or synergistic effect presumably with 


the a-6 toxin, 


the 6 toxin. The antitoxins present in 
the blood and milk serum of this cow 
were apparently not sufficient to neu- 
tralize the large amounts of toxins in- 
jected. 

Suggested procedures for the diagnosis 
of staphylococcal mastitis.- 


Procedure A (incubated milk samples). 
1. Incubate milk samples containing 
a 1:20,000 concentration of sodium 
azide for 18 hours at 35 C. 
Prepare standard stained films for 
leucocyte counts. 
Smear 1 loopful (0.01 ml) of each 
sample over one-fourth of a sheep 
or cow blood agar plate and note 
hemolysis after 36 to 48 hours in- 
cubation at 35 C. 


Quarters should be considered posi- 
tive for staphylococcal mastitis if colo- 
nies or growth of staphylococci with 
typical a, a-8, or 8 zones of hemolysis 
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develop on the blood agar plates and 
if the milk shows a leucocyte count of 
1 million or more per ml. 

Quarters should be classed as suspect 
for staphylococcal mastitis if typical 
hemolytic staphylocci are found on the 
blood plates but the leucocyte count is 
less than 1 million. If the staphylococci 
are found in subsequent tests, then the 
quarters should be considered infected, 
regardless of the leucocyte count. 


Procedure B (unincubated milk sam- 
ples). 
1. Smear 1 loopful (0.01 ml) of each 
unincubated milk sample over 
blood agar plates as outlined above. 


Quarters should be considered in- 
fected or positive if typical hemolytic 
staphylococci develop on the blood agar 
plates as described for procedure A. 

The comparative efficiency of the 
two procedures outlined above needs 
further study. 


SUMMARY AND CONCLUSIONS 


On the basis of the results obtained 
during this study, the following obser- 
vations and conclusions appear justified: 

1. Pathogenic staphylococci causing 
bovine mastitis can be detected and 
identified by smearing samples of milk 
over sheep or cow blood agar plates. 
Any colony or growth of staphylococci 
which produces a typical a, a-B, or B 
zone of hemolysis on these plates can 
be classified as a pathogenic mastitis 
staphylococcus. Repeated tests of large 
numbers of strains indicated that such 
organisms are always coagulase-positive 
and generally produce both @ and 6 
toxins of high potency. Those staphylo- 
cocci which produce only narrow zones 
of a hemolysis (1 mm or less) 
weak toxin pro- 
ducers and can be disregarded. The 


are 
coagulase-negative, 


hemolytic, coagulase-positive staphylo- 
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cocci were found to produce either acute 
or chronic mastitis. 

2. The leucocyte count cannot be 
relied upon to indicate the presence of 
a chronic staphylococcal mastitis infec- 
tion. Milk samples from quarters with 
chronic infections of a year or more 
duration often show none or less than 1 
million leucocytes per ml at different 


test periods. However, when a leucocyte 


count of 1 million or more per ml was 
obtained and hemolytic, coagulase- 
positive staphylococci were present, the 
quarter generally infected 
thereafter. 


remained 


3. Pigment production was of little 
value for the identification of pathogenic 
mastitis staphylococci. It might be of 
interest to note that yellow pigment 
producing (Staphylococcus 
citreus) were found to produce acute or 
chronic mastitis in a few cases. 

4. Staphylococci from cases of bovine 


strains 


mastitis usually produce a@ and 6 toxins. 
On the basis of the tests used, no strains 
were isolated which produced a@ toxin 
alone and only a very few strains which 
formed only 8 toxin. Many of the 
cultures tested also formed 6 as well as 
a and 6 toxins. 

5. The a@ type toxin produced by 
mastitis staphylococci is highly irri- 
tating to the mammary tissue and when 
injected into the udder via the teat 
canal will produce typical symptoms of 
acute mastitis. Beta toxin was essen- 
tially nontoxic. The 8 toxin mixed with 
5 toxin did appear to increase the tox- 
icity of the 6 toxin. Necrosis tests in 
rabbits supported the above observa- 
tions. 

6. Approximately 20% of the nega- 
tive quarters in the experimental herd 
became infected with mastitis staphylo- 
cocci each year during the 5-year period. 

7. The strains of staphylococci which 
were hemolytic, coagulase-positive and 
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formed q@ and 8 or a, 8 and 6 toxins 
caused acute cases of mastitis when 
injected into quarters of experimental 
cows. Gangrenous mastitis did not de- 
velop even when 5 ml of undiluted 
broth culture were injected. A strain 
which formed only 8 toxin did become 
established when injected into quarters 
of a test cow but produced no clinical 
evidence of infection. 

8. Procedures for the diagnosis of 
staphylococcal mastitis are suggested. 
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STUDIES ON IMMUNITY TO ASIATIC CHOLERA 


VI. OBSERVATIONS ON THE RELATION OF ANTIBODY TO EFFECTIVE IMMUNITY 
TO EXPERIMENTAL ENTERIC CHOLERA, WITH A NOTE ON SULFONAMIDE THERAPY 
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Infection of the guinea pig by intra- 
gastric inoculation with Vibrio cholerae 
was described by Koch (1885) in support 
of the causal relation of this microor- 
ganism to Asiatic cholera in man. The 
infection was subsequently studied by 
Burrows, Elliott Havens (1947) 
and shown to be a true enteric infection 
in that the vibrios were found to mul- 


and 


tiply in and remain largely confined to 
the lumen of the bowel. It was also 
observed that the experimental infection 
was modified by prior infection or by 
immunization with vaccine given par- 
enterally, and that the modification was 
associated with the occurrence of ag- 
glutinating antibody in the feces. 
Though no doubt far from identical 
with cholera in man, this experimental 
guinea pig infection may be regarded as 
resembling the human disease in at 
least one important feature, i.e., the 
infection is for the most part localized 
in the bowel. It may be anticipated, 
then, that the immune mechanism oper- 
ative in the guinea pig infection is simi- 
lar to that of effective immunity in man. 
The possibility that the immunity is a 
consequence of the presence of copro- 
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antibody is an attractive one, and the 
analogy is at least not contradicted by 
the occurrence of coproantibody in man 
(Burrows and Havens, 1948). In any 
case, it seems probable that effective 
immunity is primarily a function of the 
effect of antibody on the microorganism 
without significant reinforcement by the 
phagocytic defense system. 

The elucidation of the agglutinogenic 
structure of a group of cholera and non- 
cholera vibrios (Burrows, Mather, Mc- 
Gann and 1946) 


Wagner, made it 


possible to examine the association of 
antibody to certain portions of the anti- 
genic complex of the vibrios with pro- 


tective activity. This was studied by 
Burrows, Mather, Elliott and Havens 
(1947), using the mouse protection test 
developed by Griffitts (1942 and 1944), 
in which both active and passive pro- 
tection of the mouse is assayed by chal- 
lenge inoculation of vibrios suspended in 
mucin. The results indicated that the 
antigen or antigens giving rise to pro- 
tective antibody are associated with the 
heat stable fraction of the vibrios, but 
that protective antibody is not neces- 
sarily identical with O agglutinin. The 
mouse infection, a generalized bac- 
teremia, is at best only remotely related 
to human cholera, and the present study 
was undertaken in the hope that the 
results might have some bearing on 
immunity to the naturally occurring 
disease in man. 

The study reported here consisted of 
a series of experiments in which the 
effects of heterologous active immuniza- 


152 





IMMUNITY TO CHOLERA 


tion, immunization with a purified toxin 
preparation previously shown to stimu- 
late protective antibody formation in 
the rabbit (Burrows, Mather, Wagner 
and McGann, 1944), and homologous 
passive parenteral immunization on the 
enteric infection of the guinea pig were 
studied. 


MATERIALS AND METHODS 


lhree vibrio strains were used. The strains of 
V. cholerae were NIH 41, an Ogawa strain, and 
NIH 35, an Inaba strain, both Indian strains 
that had been received from the National In- 
stitutes of Health in 1942, stored in lyophilized 
form, and maintained by weekly transfer on 
blood agar during these experiments. The third 
was a water vibrio of Chinese origin, Nanking 
32/121, from the National Collection of Type 
Cultures. It was similarly kept in lyophilized 
culture and carried on blood agar for the present 
experiments. It was Greig-positive, cholera red- 
positive, Heiberg type I, and a member of O 
group II (ef. Mather, Elliott 
Wagner, 1946). 

Immunizing antigens were prepared from 18- 
to 24-hour cultures on veal infusion agar, pH 8.0. 
The H-O antigens consisted of bacterial growtl 
washed off in physiological salt solution contain- 
ing 0.5% formalin, filtered through cotton to re- 
move larger clumps, diluted in the same solution 
to contain 3 mg (dry weight) /ml, and allowed to 
stand at least overnight in the refrigerator before 
use. In the preparation of O antigen, the bacterial 
growth was suspended in physiological salt solu- 
tion, filtered through cotton, diluted to contain 
3 mg/ml, and refluxed for 2 hours as described 
elsewhere (Burrows, Mather, McGann and 
1946) to destroy completely the H 
antigen. Both kinds of antigens were diluted to 
barely perceptible turbidity for use as agglutinat- 
ing antigens. The cholera antiserum was pooled 
hyperimmune rabbit serum prepared against the 
Ogawa O antigen, and had an agglutinin titer of 
1:20,000 and a mouse protection titer of approxi- 
mately 110°; no preservative was added. 

Enteric infection of the guinea pig was pro- 
duced essentially as described elsewhere (Bur- 
rows, Elliott and Havens, 1947). The animals 
were guinea pigs approximately 300 g in weight, 
and were given 0.2 ml tincture of opium or 2 mg 
morphine sulfate in saline solution by intra- 
peritoneal inoculation 10 to 20 minutes before 
intragastric inoculation with vibrio suspension in 
M/30 phosphate buffer, pH 8.0. Those animals 
which were actively immunized received 2 doses 


Burrows, and 


Wagner, 
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of 3 mg each of antigen by the intraperitoneal 
route 4 days apart. Passively immunized animals 
were given 2 ml of antiserum intraperitoneally. 
Urine and feces were taken as 24 hour specimens, 
separated by a bifurcated collecting funnel (Bur- 
rows and Havens, 1948), the latter collected in 30 
ml of M/30 phosphate buffer of pH 8.0, on 
alternate days. After dispersion of the fecal 
material by shaking in a shaking machine, ali- 
quots were removed for quantitative dilution in 
sterile saline blanks and cultured on Vedder and 
van Dam glycine-hemoglobin medium. Following 
removal of the samples for culture, formalin was 
added to 0.5%, the suspensions clarified at 10,000 
r.p.m. in a Sorvall SS centrifuge, and the super- 
nates used for titration of agglutinins. The urine 
specimens were discarded. 


EXPERIMENTS 


Active immunization with heterologous 
antigen.—Using both the active and 
passive mouse protection tests as criteria 
of immunogenic potency, it has been 
found that cross protection between the 
Inaba and Ogawa varieties of the 
cholera vibrio is essentially complete, 
that protective antibody is associated 
with antibody to the heat stable portion 
of the vibrio, and that protective anti- 
body is separable from agglutinin in 
that cross protection is observed be- 


tween vibrios having no common agglu- 
tinogens. Here the question of the rela- 
tion of the antigen complex to effective 
immunity to the enteric infection was 


active immunization 
with heterologous antigens followed by 
challenge by the intragastric route and 
bacteriological assay of the infection 
produced. 

The Inaba strain NIH 35 and the 
Ogawa strain NIH 41 were used as 
both immunizing antigen and challenge 
inoculum, challenge being against the 
heterologous antigen in the experimental 
series and against the homologous anti- 
gen in the corresponding control series. 
Groups of six guinea pigs were im- 
munized and challenged 4 days after 
the last inoculation of vaccine, the 
point of peak immune response as meas- 


approached by 
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ured by fecal antibody titer. The chal- 
lenge dose was 20 to 25 mg. Cross pro- 
tection appeared to be complete in that 
the pattern of suppression of the infec- 
tion byimmunization with either heterol- 
ogous antigen did not differ appreciably 
from that by 
antigen in control series. 


produced homologous 

Similar experiments were carried out 
in which animals were immunized with 
O or H-O antigens prepared from Nan- 
king 32/121, and challenged with NIH 
41. The immunizing and challenge vi- 
brios had a heat-labile antigen, 2, in 
common, but were compietely unrelated 
in O antigen. Nanking 32/121 contained 
O antigen D present in some strains of 
V. cholerae but which was absent in 
the challenge strain. Nanking 32/121 
was used in preference to other non- 
cholera vibrios because it had a rela- 
tively high virulence for mice by the 
mucin technique—an LD of 245 as 
compared with an LDs5o of 48 for NIH 
41. Furthermore, by the passive mouse 
protection test, Nanking 32/121 hyper- 
immune serum gave a protective titer 
of about 17,000 against NIH 41 chal- 
lenge as compared with 66,000 for the 
homologous antiserum to NIH 41; this 
was a part of the evidence supporting 
the conclusion that cross protection is 
demonstrable by the mouse test in the 
absence of agglutinogens common to the 
immunizing and challenge strains. 

The results of two experiments in 
which groups of guinea pigs were im- 
with O H-O Nanking 
32/121 antigen and subsequently chal- 
lenged with doses of about 20 mg of 
NIH 41 are shown in figures 1 and 2, 
respectively, as percent cholera vibrios 


munized or 


excreted together with fecal agglutinin 
titers to the immunizing and challenge 
antigens. In both of these series of ani- 
the numbers of 
vibrios excreted were reduced over that 


mals proportionate 


expected for the nonimmune animal. 
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Decline in numbers of vibrios was in- 
versely related to the fecal agglutinin 
titer to the challenge strain, and was 
apparencly unaffected by the presence 
of unrelated agglutinin to the immuniz- 
ing antigen. There was clearly no dif- 
ference between the O and H-O im- 
munizing antigens as regards the be- 
havior of the subsequent infection, 
though the latter included an H antigen 
common to the challenge strain. Thus, 
results in agreement with 
those given by the mouse protection 
test as regards the inability of antibody 
to the H antigen to modify the infec- 
tion, and do not contradict the infer- 
ence that cross protection attributable 
to a heat stable antigen other than O 
agglutinin may occur. It is, of course, 
true that this kind of experiment re- 
quires that the response to an essentially 
overwhelming infecting dose be modi- 
fied and may be too crude to allow the 
definition of lesser degrees of partial 
immunity. The inverse kind of experi- 
ment, i.e., immunization with NIH 41 
and challenge with Nanking 32/121, 
was possible because of the mouse viru- 
lence of the latter. This kind of experi- 
ment was carried out, immunizing with 
only the O antigen of NIH 41, and gave 
substantially the same results as those 
illustrated. 

Active immunization with homologous 
endotoxin.—The preparation of purified 
cholera endotoxin by alcoholic extrac- 
tion and precipitation with acetone has 
been described elsewhere (Burrows, 
1944). Here the endotoxin of NIH 41 
was prepared by extraction of the 
lyophilized O antigen with absolute 
alcohol for 2 hours in a Soxhlet appara- 
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tus. The activity was precipitated by 
the addition of 10 volumes of chilled 
acetone, and the precipitate sedimented 
by light centrifugation. It was dissolved 
in hot alcohol, the solution filtered to 
remove insoluble material, and again 
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Infection of guinea pigs that had been immunized with Nanking 32/121 O antigen with 


V. cholerae NIH 41. In the upper portion of the graph the grouped solid bars represent individual 
animals, and the separate bars the average percent cholera vibrios excreted on the indicated days. 
Vibrio excretion by a control series of normal infected animals is shown for comparative purposes by 
the empty bars. In the lower portion of the graph the cross-hatched portions of the bars represent 


significant, i.e., above normal, agglutinin titers. 
precipitated with acetone. After an 
additional precipitation, 19 volumes of 
physiological salt solution were added. 
Tne volume of alcohol had been ad- 
justed so that the final solution con- 
tained endotoxin equivalent to 50 
mg/ml of the vibrios from which it was 
prepared. This solution was opalescent 
and atoxic, but has been found to be 
immunogenic in the rabbit (Burrows, 
Mather, Wagner and McGann, 1944). 


In the present study it was used to 
immunize guinea pigs in 2 doses of 0.2 
ml each, i.e., each dose contained the 
equivalent of 10 mg of vibrios, 4 days 
apart. A group of six animals so im- 
munized was challenged 4 days after 
the second inoculation by the intragas- 
tric inoculation of 25 mg of NIH 41. The 
results of this experiment are shown in 
figure 3. The immunization gave an 
adequate immune response as indicated 
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NIH 41 in doses of 19 and 40 mg. 


duced by immunization with the endo- 
toxin fell off during the early part of 
the infection and began to rise on the 
9th day and coincided with a 90% 
reduction in percentage of vibrios ex- 
creted. It would appear, therefore, that 
while the preinfection immunization 
sharply reduced the numbers of vibrios 
excreted early in the infection, elimina- 
tion of the infection was a consequence 
of an immune response to the challenge 
antigen. 

Passive immunization.—F ollowing par- 
enteral inoculation of guinea pigs with 
antiserum of heterologous or homol- 
ogous species origin, antibody has been 


fla lg 


10 
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Infection of guinea pigs passively immunized with homologous antiserum with V. cholerae 


found to be detectable in relatively high 
titer in fecal extracts in 24 hours (Bur- 
rows and Havens, 1948). The fecal 
titers equal or may exceed those ob- 
tainable by active immunization, and 
are roughly equivalent to titers expected 
on the assumption of dilution of the 
inoculated antibody in the total body 
weight of the recipient. A series of ex- 
periments was undertaken in which the 
effect of flooding the bowel with anti- 
body by passive immunization begun 
prior to infection and carried on well 
into the period of infection was studied. 
The results of two representative ex- 
periments are illustrated in figure 4. 
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It is apparent from these data that the 
effect of passive immunization on sub- 
sequent infection differed significantly 
from that of prior active immunization. 
First, little or no antibody was present 
in the early stages in spite of the ad- 
ministration of sufficient antiserum to 
give appreciable titers in the feces of 
uninfected That appearing 
later was probably in part a conse- 


animals. 


quence of disappearance of vibrios if 
antibody is absorbed by them, and in 
part represented an active immune re- 
sponse to the infection. Second, while 
the intensity of the infection was re- 
duced over that produced in the non- 
immune animal, as indicated by a sig- 
nificant reduction in the proportionate 
number of vibrios excreted, and a prob- 
ably significant reduction in the dura- 
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tion of the infection, passive immunity 
was not as effective as active immunity 
by either of these criteria. It is not clear 
how much weight may be giver these 
observations in the light of other evi- 
dence. 

A relatively extended <eries of ex- 
periments was carried \it in which 
vibrios, antiserum, and complement 
were added to feces from nurmal animals 
midway in the collection period, singly 
and in the several possible c binations, 
and the specimens exami (| 12 hours 
later. The numbers « and 
amount of antiserum au were such 
as to simulate the numbers of vibrios 
found in the feces of nonimmune in- 
fected animals on the ist to 2nd day, 
and the agglutinin titer of actively 
immunized animals at the peak of fecal 


yrios 














AFTER INOCULATION 


Fic. 5.—The effect of oral sulfonamide therapy on the infection of guinea pigs with V. cholerae 
NIH 41. The solid bars represent average numbers of total bacteria excreted per day, and the cross- 
hatched bars the observed percent of cholera vibrios. All data are averages for groups of six animals 
each. 
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antibody titer. The experiments showed 
that (1) there was no significant in- 
crease in numbers of vibrios in the 
absence of antiserum, but rather a 
decrease in that 60 to 90% were re- 
coverable on culture; (2) agglutinin 
titer of antiserum was not reduced in 
the absence of vibrios; but (3) in the 
presence of vibrios plus antiserum, 
both numbers of vibrios and agglutinin 
titer were sharply reduced, the former 
by 70 to 80%; and (4) the apparent 
antibacterial effect of antiserum was not 
enhanced by the addition of comple- 
ment. The failure to observe an increase 
in numbers of vibrios in the absence of 
antiserum may be attributed either to a 
combined effect of multiplication and 
death, or to a survival, without repro- 
duction, of the majority of those added. 
The reduction in numbers in the pres- 
ence of antiserum may thus have been a 
consequence of inhibition of multiplica- 
tion if this were an important feature in 
the apparent survival, a_ bactericidal 
effect, or only an apparent reduction 
resulting from agglutination. The last 
seemed the more plausible in view of the 
pronounced reduction in agglutinin 
titer that suggested an absorption of 
agglutinin on the vibrios present. The 
feces were highly anticomplementary— 
10 units of complement per ml dis- 
appeared in 10 to 20 minutes—and this 
would account for the observed lack of 
effect of added complement. While such 
an admixture of vibrios, antiserum and 
complement with fecal pellets is hardly 
comparable to mixture within the fecal 
mass, it was of some interest that the 
results of experiments of this kind were 
similar to the effect of passive immuniza- 
tion on the infection. It seems possible, 
therefore, that the presence of antibody 
in the bowel of the passively immunized 
animal serves to give only an apparent 
reduction in numbers of vibrios ex- 
creted. Such a reduction, spurious or 
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not, will, if persistent, reduce the dura- 
tion of the infection since at best assay 
by culture of feces will show no more 
that 0.1% vibrios, and 1.0% is the more 
realistic figure. 

Chemotherapy.—The results of a part 
of a study on sulfonamide prophylaxis 
and therapy of the enteric infection, 
carried out in another connection* and 
unpublished, are possibly related to an 
interpretation of the effect of passive 
immunization on the infection. A group 
of four experiments are shown in figure 
5. Four sulfonamides, sulfathiazole, 
sodium sulfadiazine, sulfadiazine, and 
sulfaguanidine, were used as represent- 
ing soluble and insoluble compounds. 
These were given by the intragastric 
route as 12.5% solutions or suspensions 
in two doses on each of two successive 
days, the day prior to infection and the 
day of infection. The first dose was 250 
mg, and the remaining three doses 125 
mg each. Feces were collected in 30 ml 
of physiological salt solution containing 
10 mg percent p-aminobenzoic acid, it 
having been found that this concentra- 
tion had no vibriocidal activity. The 
animals were infected with a 20 mg- 
dose of NIH 41. The antibacterial effect 
of the drugs is not necessarily confined 
to the cholera vibrio and may be differ- 
ential, so both percent cholera vibrios 
and total bacteria recorded. In 
figure 5 the solid bars represent total 
bacteria in 1000 millions per day, and 
the crosshatched bars the percent of 
these totals found to be cholera vibrios; 
the data are given as averages of ob- 
servations of the six animals making 
up each group. Omitting detailed con- 
sideration as irrelevant to present pur- 
poses, the more effective of the com- 


were 


* This investigation was carried out for the 
most part by Dr. P. E. Harrison. The quoted ex- 
periment is a part of supplementary work done 
later, and is in substantial agreement with the 
remainder of the study. 
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pounds shown here, sulfadiazine and 
sulfaguanidine, appeared to reduce both 
the total numbers of bacteria and the 
percent of cholera vibrios, i.e., the 
cholera vibrio was differentially affected, 
and to shorten the duration of the in- 
fection. The effect of these drugs on the 
infection, then, was at least super- 
ficially closely similar to that of passive 
immunization, so much so that data on 
vibrio excretion are practically inter- 
changeable. 


DISCUSSION 


An understanding of effective im- 
munity to the enteric infection of the 
guinea pig with the cholera vibrio on 
an antibody basis is primarily depend- 
ent upon the manner in which anti- 
body functions. While a certain parallel- 
ism between such an immunity and that 
to the parenteral infection of the mouse 
with vibrios suspended in mucin is to 
be expected, it need not follow that 
protective antibody titer determined 
by the mouse test is indicative of im- 
munity to challenge by the intragastric 
route. It is self evident, too, that anti- 
body titer measured by in vitro meth- 
ods, such as agglutination, is likewise 
net necessarily a measure of effective 
immunity. 

The extent to which the function of 
antibody in immunity to enteric infec- 
tion can be approached by the use of 
the guinea pig infection is limited, both 
by the nature of the infection and by the 
character of the microorganisms. The 
significant features of the infection in 
this connection are (1) the focus of in- 
fection remains localized in the lumen 
of the bowel, (2) it is asymptomatic, 
and (3) its intensity is measured by the 
proportionate number of vibrios ex- 
creted in the feces. If the demonstrable 
immunity is accounted for on an anti- 
body basis, it would follow that the 
antibody concerned is coproantibody 
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though this has not been shown directly. 
Furthermore, the immunity measured 
is primarily antibacterial, directed to- 
ward elimination of the microorganism 
rather than toward the neutralization 
of toxicity leading to death. Study of 
the relation of qualitatively different 
fractions of the bacterial antigen to this 
kind of immunity is correspondingly 
dependent upon the occurrence of anti- 
gens in the bacteria in the case of active 
immunization, and upon the efficacy of 
passive immunization that, if effective, 
would allow the use of antiserums from 
which antibody had _ been 
absorbed. The observations reported 
here lead, on the one hand, to several 
definite conclusions as to the relation 
of immunity to the enteric infection in 
the guinea pig to that against the gen- 
eralized bacteremia occurring in the 
mouse following parenteral administra- 
tion of vibrios in mucin, and, on the 
other, to conjectures inferred from 
observed discrepancies between the two. 

The observation that effective im- 
munity is associated with an immune 
response to the heat stable antigen of 
the cholera vibrio is not new. It was 
reported by Fairbrother (1928), who 
used parenteral infection of the guinea 
pig, and was later found to hold also 
for the mouse infection (Burrows, 
Mather, Elliott and Havens, 1947). The 
essentially complete cross protection 
between the Inaba and Ogawa varieties 
of the vibrio is also consistent with the 
results of the mouse protection test (cf. 
Griffitts, 1944; Ranta and Dolman, 
1944; Burrows et al, 1947). Whether or 
not a cross immunity between strains 
unrelated in O agglutinogen occurs 
depends upon the significance given the 
partial reduction in vibrios excreted by 
the animals immunized with Nanking 
32/121 and challenged with NIH 41. 
The cross protection observed in the 
mouse test was about 25% of that given 


fractions 
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by homologous immunization. Assuming 
an average vibrio excretion by infected 
normal guinea pigs on the 2nd or 3rd 
day of about 50%, the average in both 
experiments illustrated in figures 1 and 
2 is 15%, or approimately 30% of that 
expected in the absence of an immunity. 
This figure compares favorably with 
the results of the mouse protection test, 
but evaluation of the comparison is 
difficult. It be concluded tenta- 
tively that the results of the guinea pig 
experiments described here are not in- 


may 


consistent with those of the mouse test 
in support of the inference that anti- 
body to a heat stable antigen unrelated 
to the O agglutinogen complex may be 
in part responsible for effective im- 
munity. 

A clear divergence between the en- 


teric infection and the mouse test does 
occur with regard to the efficiency of 
purified endotoxin as an immunizing 


agent, and to the effects of passive im- 
munization. The endotoxin preparation 
has been shown (Burrows, 1944) to be 
a highly efficient immunizing agent, 
both as to stimulation of protective 
antibody formation in the rabbit, and 
by the active mouse protection test. 
While the interpretation of data such 
as those shown in figure 3 is difficult, 
it is quite clear that the endotoxin prep- 
aration was, at best, an inferior anti- 
gen. This is possibly attributable to 
the differences between the two experi- 
mental infections. The asymptomatic, 
nonlethal character of the enteric infec- 
tion in the guinea pig suggests that 
vibrio toxicity is not an important fea- 
ture of it. On the other hand, the mouse 
infection may be regarded as one in 
which the vibrios are protected by mu- 
cin against a highly efficient normal 
defense mechanism, and the micro- 
organisms multiply until a lethal amount 
of endotoxin accumulated. The 
mouse protection test, then, may be 


has 
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considered to be one in which immunity 
is titrated against the virulence-en- 
chancing property of mucin rather than 
the virulence of the microorganism. 
Under such circumstances toxicity may 
be of relatively great importance, and 
even a few-fold immunity to endotoxin 
might well magnify an inferior antibac- 
terial immunity arising from contamina- 
tion of the endotoxin preparation with 
small amounts of other antigen. That 
there was an antibacterial immunity 
may be inferred from the small reduc- 
tion in numbers of vibrios excreted by 
the infected guinea pigs. 

The behavior of the enteric infection 
in the passively immunized animal may 
be related to the nature of an effective 
immune response, but in just what way 
is not completely clear. Passive im- 
munity is highly effective by the mouse 
protection test, and the LDgo ratio of 
immune to normal control animals is of 
the order of 1X10 to 110°. In con- 
trast, passive immunization served only 
to reduce somewhat the number of 
vibrios excreted by the infected guinea 
pig. This antibacterial effect may, as 
suggested above, be spurious, in that the 
reduction in numbers was a consequence 
of agglutination. However, the closely 
similar effect of therapy with sulfon- 
amides, substances known to be pri- 
marily bacteriostatic, may be taken to 
suggest that multiplication of the vibrios 
is inhibited in the passively immunized 
animal. In the absence of direct evidence 
of bacteriostatic activity of antibody, 
it is more reasonable to assume that the 
apparent inhibitory effect of flooding 
the bowel with antibody by passive im- 
munization resulted from a_ limited 
bactericidal activity in the presence of 
inadequate amounts of complement. 

To carry the last inference further, 
the efficacy of passive immunity in 
the mouse and of active immunity to 
the enteric infection in the guinea pig, 
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and the inadequacy of passive immunity 
to the enteric infection, may be recon- 
ciled by assuming that the vibriocidal 
and vibriolytic properties of antibody 
make possible effective immunity, and 
that complement is required for this 
activity. In the passively immunized 
mouse antibody is temporarily stored 
and available as complement is con- 
tinuously supplied. In the actively 
immunized guinea pig the secretion of 
immune globulin into the 
hardly a selective process; rather, it is 


bowel is 


probable that the several components 


of plasma, including complement, are 
secreted together, and antibody and 
complement are simultaneously avail- 
able for reaction with the vibrios. While 
the activity of an antibody-complement 
lytic mechanism functional in the bowel 
has not been directly demonstrated, 
it is of more than passing interest that 
it has been suggested independently 
by Raffel (1949). 

It remains to account for the absence 
of agglutinin in the feces of passively 
immunized infected guinea pigs in con- 
trast with the presence of agglutinin 
when the animals have been actively 
immunized. It has been observed by 
the writer in unpublished experiments 
that, following immune lysis in vitro, 
the cell substance of the cholera vibrio 
autolyzes rapidly as evidenced by a 
shift of phosphorus from the lipid, pro- 
tein and nucleoprotein fractions to the 
acid-soluble fraction. It may be sug- 
gested here that, following lysis by an 
antibody-complement system in the 
bowel, autolytic decomposition of the 
antigen liberates antibody which then 
becomes titratable as agglutinin. 


CONCLUSIONS 


The following conclusions regarding 
immunity to the enteric infection in the 
guinea pig may be drawn from the ob- 
servations reported here: 
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1. Cross immunity between the Inaba 
and Ogawa types of the cholera vibrio 
was substantially complete. 

2. A partial cross protection, similar 
to that demonstrable by the mouse 
test, occurred between vibrio strains 
having no O agglutinogens in common. 

3. Active immunization with purified 
endotoxin resulted in an immunity in- 
ferior to that produced by active im- 
munization with O antigen. 

4. Homologous passive immunity was 
considerably less effective than active 
immunity. 

5. Oral therapy with sulfadiazine 
or sulfaguanidine was almost as effec- 
tive as active immunization; sulfathia- 
zole had less effect, and sodium sulfadia- 
zine practically none. 
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It has been reported in earlier papers 
of this series that antibody is excreted 
in the feces of guinea pigs during the 
course of experimental enteric infection 
with the cholera vibrio (Burrows, Elliott 
and Havens, 1947), and also in the feces 
following immunization with paren- 
terally administered vaccine (Burrows, 
1948; Burrows and Havens, 1948). The 
immune response appeared to bear a 
relation to the infection in that the 
number of vibrios excreted by the in- 
fected normal animal was reduced coin- 
cident with the appearance of coproanti- 
body, and prior immunization, active or 
passive (Burrows, 1953), resulted in a 
reduction in the numbers excreted, es- 
pecially in the early days of infection. 
Immunization did not, however, suffice 
to prevent infection by the relatively 
large doses, 20 mg dry weight, given 
by intragastric inoculation, and doses 
of this order may perhaps be regarded 
as overwhelming. 

The question of immunity to enteric 
infection has been largely one of an 
effective prophylactic immunity. Asiatic 
cholera is the only enteric disease of 
man in which the efficiency of active 
immunization against the naturally 
occurring disease has been studied in 
extensive field tests. Here it seems clear 
that prior immunization does not ap- 
preciably modify the severity of sub- 
sequently acquired disease in that case 
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fatality rates are not reduced, but a 
significant degree of prophylactic im- 
munity is produced (Adiseshan, Pandit 
and Venkatraman, 1947). In man the 
observed prophylatic immunity is a 
clinical immunity, i.e., an immunity 
to infection accompanied by clinical 
symptoms, and may or may not be 
identical with immunity to inapparent 
infection. 

Other than cholera, few if any of the 
enteric diseases of man may be repro- 
duced in experimental animals in truly 
enteric form, that is to say, a form in 
which the infection is confined essenti- 
ally to the bowel without generalized 
invasion of the tissues. The significant 
feature of this kind of infection is the 
proliferation of the microorganisms out- 
side the tissues of the body, viz., in 
the lumen of the bowel, and hence with- 
out exposure to serum and tissue anti- 
body, at least in the early stages when 
the infection is established. A prophylac- 
tic immunity having an antibody basis 
would seem, therefore, to be related to 
the presence of coproantibody. Experi- 
mental enteric cholera in the guinea 
pig serves as a model infection, and pro- 
vides an opportunity to examine the 
prophylactic effect of immunization. 
Since the experimental infection is not 
accompanied by overt symptoms, the 
criterion of infection is the excretion of 
vibrios in sufficiently large numbers as 
to indicate multiplication of those inoc- 
ulated, and a prophylactic immunity 
assayed by means of this infection is 
necessarily a measure of prophylaxis 
of infection rather than disease. The 
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experiments reported here, and else- 
where in preliminary form (Burrows 
and Ware, 1949), were designed to 
show whether or not such a prophylactic 
immunity can be produced and, if so, 
its magnitude and duration. 


MATERIALS AND METHODS 


An Ogawa strain of Vibrio cholerae, NIH 41, 
was used exclusively in this study. It was re- 
ceived from the National Institute of Health in 
1942, kept in stock as a lyophilized culture, and 
maintained by weekly transfer on blood agar 
during the course of the work reported here. Both 
O vaccine and challenge inoculums were prepared 
from 18- to 24-hour cultures on veal infusion agar, 
pH 8.0. The bacterial growth was washed off in 
physiological salt solution and filtered through 
cotton. For the preparation of O vaccine the 
suspension was refluxed for 2 hours to destroy 
the H antigen, and diluted to contain 1 mg/ml. 
This antigen was used both for active immuniza- 
tion of guinea pigs subsequently challenged, and 
for the immunization of rabbits in the preparation 
of antiserums. The fresh saline suspension was 
appropriately diluted in M/30 phosphate buffer 
just prior to use as a challenge inoculum. The 
doses given could be accurately measured over 
the range 0.01 to 1.0 mg/ml in the Klett- 
Summerson photoelectric colorimeter, using a no. 
42 filter. 

The guinea pigs used were uniformly 300 to 
350 g in weight. The methods of challenge inocu- 
lation by the intragastric route following the 
administration of tincture of opium or morphine 
sulfate, of collection of excreta with separation 
of urine and feces, of the titration of agglutinating 
antibody in fecal extracts, and of the assay of the 
infection by culture of the fecal emulsion have 
been described in previous reports (Burrows and 
Havens, 1948; Burrows, 1953). Those animals 
which were actively immunized received 3 doses 
of O vaccine of 1 mg each by intraperitoneal 
inoculation 4 days apart. Passively immunized 
animals were given 2 ml of pooled hyperimmune 
rabbit serum, agglutinin titer of 1:10,000 to 
1:20,000, intraperitoneally or by intragastric 
inoculation 24 hours before inoculation with 
vibrio suspension. In the case of intragastric 
immunization, tincture of opium or morphine 
was given parenterally prior to inoculation. 

In the beginning it was supposed that the ab 
solute numbers of cholera vibrios excreted by 
infected animals would be of importance in that 
only those excreting more than had been given 
by inoculation could be regarded as infected. It 
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was almost immediately apparent, however, 
that if vibrios were excreted at all, they were ex- 
creted in numbers many thousand-fold that of 
the largest inoculum used; in one of the early 
experiments in which the absolute numbers were 
determined following infection with a 1 mg dose, 
the fold increase in vibrios recovered over those 
inoculated was about 80,000. The pattern of 
vibrio excretion following infection with minimal 
doses differed appreciably from that observed 
with doses of 7 to 20 mg and more in that the 
vibrios did not make up such a large percentage 
of the fecal flora—S5 to 10% in contrast to 10 to 
70 percent—and in that the infection was of 
somewhat shorter duration—3 to 10 days in 
contrast to persistence of infection in a few ani- 
mals for as long as 3 weeks following larger doses. 
It was also observed that, with very small doses, 
excretion was often irregular, and was sometimes 
delayed as much as 3 days. An animal was 
counted as infected if at any time during the 
period.of observation, not less than 1 week and 4 
successive specimens, detectable numbers of 
vibrios were excreted. This criterion of infection 
is arbitrary in two respects, viz., numbers smaller 
than those detectable, 0.1% of the total fecal 
flora cultivable on the medium used, could be a 
multiple of the inoculum and yet be missed, and 
excretion may have occurred during periods 
when specimens were not taken. While the results 
are thus subject to absolute error, they have 
relative validity and may be legitimately com- 
pared with one another. 

A dose producing infection in 50% of the ani- 
mals inoculated may be calculated by inter- 
polation in the usual ways. The experimental 
procedure here consisted of roughly approximat- 
ing the end point by inoculation of pairs of ani- 
mals with graded doses, and then infecting groups 
of 6 animals each with not less than 3 graded 
doses falling within the range of 0 to 100% infec- 
tion. Variability is reduced to reasonable pro- 
portions in groups of this size (cf. Burrows, 
Elliott and Havens, 1947), and there was little 
to be gained by using larger numbers of animals. 
The median infecting dose, here designated the 
IDs dose, was calculated by inverse probability: 


n+l 
Pe 
n+m-+2 


where p is the probability of infection with a 
given dose, n is the accumulated infections, and 
m is the accumulated numbers of those not in- 
fected. The probabilities were plotted on arith- 
metic probability paper, a straight line fitted by 
inspection, and the IDs determined graphically. 
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EXPERIMENTS 

Preliminary experiments indicated 
that the I1Dgpo of this strain of V. cholerae 
for the guinea pig was about 0.1 mg 
on a dry weight basis. It was titrated 
more precisely in a series of groups of 
animals receiving doses of 0.01 mg, 0.05 
mg, 0.07 mg, 0.10 mg, 0.75 mg, and 1.00 
mg. The results are illustrated in figure 
1, and the character of the infection in 
normal animals is apparent. In this 


of course, no significant titer at the time 
of inoculation. 

Active immunity.—Animals were im- 
munized with O vaccine and infected 
4 days after the last inoculation, at the 
time of maximal coproantibody titer. 
The results of a titration over a dose 
range of 0.5 to 3.0 mg are shown in 
figure 2, except that failure to infect 
with a dose of 0.5 mg is not included. 
The IDs was calculated to be 1.13 mg, 
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Fic. 1. 
IDso dose is 0.08 mg. 


series all of the animals were infected by 
a dose of 1.0 mg and none were infected 
by doses of 0.05 mg and less; the latter 
are omitted from figure 1. On the basis 
of these data the IDs was calculated to 
be 0.08 mg, with a standard deviation 
of 0.02. The coproantibody response to 
the dose of 1.0 mg was appreciable, and 
by the 5th day titers ranged from 1:10 
to 1:50 in the animals in this group. It 
was progressively less with decrease in 
dosage, being barely significant with 
0.05 mg though some slight response 
was still apparent with a dose of 0.01 
mg, 2 of the 6 animals showing titers of 
1:20 while the remainder were in the 
normal range of 1:5 or less. There was, 


AFTER 


7 
INFECTION 


Infection of groups of 6 normal guinea pigs with graded minimal doses of V. cholerae. The 


an increase of 14.1-fold over the [D5 
dose for normal animals. Here, and in 
subsequent experiments, coproagglu- 
tinin titers of a group receiving near the 
calculated IDs. dose are included, and 
were not significantly different from 
those of groups of animals receiving 
other doses. It is apparent that the 
coproantibody response was at _ its 
height at the time of infection and its 
decline was not as marked in these in- 
fected animals as has been observed in 
immunized but noninfected animals 
(Burrows, Elliott and Havens, 1947). 
The effect of immunization on the in- 
fection is shown as an increase in the 
IDso dose, but there appears to be no 





PROPHYLACTIC IMMUNITY TO CHOLERA 





PER CENT CHOLERA VIBRIOS 


= 

















SSS 
SSS 


COPROAGGLUTININ 
NANAAAAAAAAN 
NANA 
WSS SSS 



































Ly 





3 


DAYS AFTER 


Fic. 2. 


) 
INFECTION 


-Infection of groups of 6 actively immunized guinea pigs 4 days after the last of 3 inocula- 


tions of cholera O vaccine. Coproagglutinin titer is at a peak and the light infection with a dose of 
1 mg contrasts with that produced by the same dose in the normal animal (fig. 1). The I[Dso dose is 


1.13 mg. 


essential difference in the bacteriological 
character of the infection around this 


end point, as indicated by comparison 
with doses of 0.1 and 0.25 mg in figure 1. 

It has been reported elsewhere (Bur- 
rows, Elliott and Havens, 1947; Bur- 
rows and Havens, 1948) that the copro- 
antibody response of the guinea pig is 
rapid, much more so than in man. The 


titers decline equally rapidly with only 
small titers apparent at 14 days and 
only traces, if any, of significant titer, 
by 28 days. Nevertheless, the residual 
titer at 14 days and/or an accelerated 
response to the booster effect of infec- 
tion at this time resulted in the immune 
pattern of vibrio excretion following 
infection with large doses such as 20 
mg. The possibility that the observed 
decline in coproantibody titer might, 
however, be associated with a decline 


in prophylactic immunity was investi- 
gated by delaying infection until 14 days 
after the last inoculation of vaccine. The 
titration over the dose 
range 0.75 to 1.25 mg are illustrated in 
figure 3; failure to infect with a dose of 
0.5 mg is not shown. At the time of 
inoculation only small residual copro- 


results of a 


agglutinin titers were found, and even 
on the Ist day of infection only 2 ani- 
mals of the 6 showed significant, though 
small, titers. Unlike the infection pro- 
duced by overwhelming doses, that 
resulting from minimal doses shows a 
decline in immunity in a reduction of 
the I1Ds9 dose to 0.70 mg, an 8.7-fold 
increase over that for the normal ani- 
mal, indicating a decline in prophylactic 
immunity of 48% of that demonstrable 
4 days after immunization. The copro- 
agglutinin response to the infection was 
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not marked and similar to that of the 
normal animal to minimal infecting 
doses. 

In view of the persistence of a con- 
siderable degree of immunity over 14 
days, an additional titration, not illus- 
trated here, was carried out over a range 
of 0.075 to 3.00 mg in animals that 
had been actively immunized 28 days 
earlier. The 1D5_9 dose was found to be 
0.15 mg, a 1.9-fold increase over the 
normal. The difference is small but 
significant in that its ratio to the stand- 
ard deviation of the difference from 
the normal is 3.5 and P=0.0005, in- 
dicating that a residual immunity per- 
sisted 4 weeks after immunization. The 
coproagglutinin response to infection 
was similar to that of the normal animal. 

Passive immunity.—Passive immu- 
nization has been found to be much less 
effective than active immunization in 
the infection produced by large doses of 
the cholera vibrio (Burrows, 1953). 
Here the possible prophylactic effect of 
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passive parenteral immunization and 
the administration of antiserum by in- 
tragastric inoculation was investigated. 

Significant titers of coproagglutinin 
were produced by the intraperitoneal 
inoculation of 2 ml of hyperimmune 
rabbit serum 24 hours before infection. 
The results of a titration over the dose 
range 0.1 to 1.0 mg are shown in figure 
4, together with representative copro- 
agglutinin titers. The IDs) dose was 
calculated to be 0.20 mg, representing 
a 2.5-fold increase over that for the 
normal animal. The difference is signif- 
icant since its ratio to the standard 
deviation of the difference is 6 and 
P=2.0X10-". In spite of the presence 
of coproantibody to good titer, the 
immunity is clearly markedly inferior 
to that produced by active immuniza- 
tion, and comparable to that persisting 
for 28 days in such animals, when 
little or no coproagglutinin titer is 
demonstrable. When infection was de- 
layed 14 days after the parenteral inoc- 


= a 





aall 














, 





5 
INFECTION 


Infection of actively immunized animals 14 days after the last of 3 doses of cholera O 


vaccine. Coproantibody titer has declined to a low level. The IDso dose is 0.70 mg. 
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ulation of antiserum, no immunity was 
detectable. Titration was carried out 
over the range 0.075 to 2.00 mg and the 
I Dso dose found to be 0.09 mg, not signif- 
icantly different from that of the nor- 
mal animal. 

Antibody of heterologous origin may 
be introduced more directly into the 
lumen of the bowel by intragastric 
inoculation. It shown 
where 


has been else- 
(Burrows and Havens, 1948) 
that a portion of such antibody, possibly 
25%, passes through the bowel and is 
excreted in the feces while, of the re- 
mainder, some is absorbed without joss 
of activity, appears in the serum in 
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10 to 14 days, and is at least in part 
secreted into the bowel in that it may 
be found in the feces. In these experi- 
ments the animals were given 2 ml of 
hyperimmune rabbit serum by the 
intragastric route 24 hours before in- 
fection to give significant coproagglu- 
tinin titers in most of the animals, 5 of 
the 6 in the group illustrated in figure 
5. The results of titration over the dose 
range of 1.0 to 3.0 mg are shown there. 
The IDs. dose was calculated to be 
0.36 mg, a 4-fold increase over the 
normal and indicative of an immunity 
somewhat superior to that resulting 
from parenteral antiserum, but. still 
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Infection of animals 1 day after passive immunization by the intraperitoneal route. Copro- 


antibody is present to good titer, but the inefficacy of passive immunization is illustrated by compari- 
son with the infection following a dose of 1 mg with that produced by the same dose in figures 2 and 3. 


The IDs is 0.20 mg. 
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Fic. 5.—Infection 1 day after the intragastric inoculation of antiserum. Appreciable amounts of 
antibody have passed through the intestinal tract on the first day, and subsequent titers probably 
represent, at least in part, an active immune response to the infections. The IDso dose is 0.36 mg. 


$- 4 


_sil 








PER CENT CHOLERA VIBRIOS 


O.25mG 











tOomG 
COPRO- 
AGGLU- 
TININ 


A ] 


$ 
DAYS AFTER INFECTION 





Fic. 6.—Infection 14 days after intragastric inoculation of antiserum. The increased immunity is 
apparent in the comparison of the amount of infection resulting from a 1 mg dose here with that in 
figure 5. The I[Dso dose is 0.51 mg. 
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markedly inferior to active immunity. 

A second titration was carried out in 
animals receiving intragastric anti- 
serum 14 days earlier. By this time anti- 
body was demonstrable in the serum 
and in small amounts in the feces. The 
latter is presumably antibody originally 
absorbed and then secreted into the 
bowel. This titration was carried out 
over the dose range 0.25 to 3.00 mg and 
the results are shown in figure 6. The 
IDso dose was found to be 0.51 mg, rep- 
resenting a 6.4-fold increase over the 
normal. It is noteworthy that this is 
significantly larger than that found 
immediately after intragastric inocula- 
tion of antiserum and compares not 
unfavorably with the immunity per- 
sisting 14 days after active immuniza- 
tion, having approximately _ three- 
fourths of the fold increase. 


TABLE 1.—Prophylactic immunity as measured 
by fold increase in IDso dose. 


Fold Percent 
increase of 

over maxi- 
normal 


1Dse 
(dry 
weight) 


Time 
of in- 
fection 


Immunity 


None (normal) 0.08 mg 


Active 


4days 1.13 mg 
14 days 0.70 mg 
28 days 0.15 mg 


100.0 
61.7 
13.5 

Passive 
parenteral 


i day 0.20 mg 
l4days 0.09 mg 

Passive 
intragastric 


1 day 0.36 mg 
i4days 0.51 mg 


* Level of significance (P =0.01) = 11.4%. 


The data from all of the foregoing 
experiments are summarized in table 1. 
The interrelation of the degrees of 
immunity is indicated as percentage of 
the maximum obtained, i.e., that at 
4 days after the last vaccine inoculation 
of actively immunized animals. 

DISCUSSION 

It seems clear that a prophylactic 
immunity, effective in preventing infec- 
tion and measurable as fold increase in 


the IDso dose, may be produced in the 
guinea pig by various methods of im- 
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munization. Of these, active immuniza- 
tion was by far the most effective, but 
was transient in that it declined by 40% 
in the 10 days following peak antibody 
response, and almost 90% by 28 days 
after immunization. Assay of the level 
of immunity by titration of the 1Dgo 
dose appeared to be a more reliable and 
more delicate method than that of al- 
teration in the pattern of vibrio excre- 
tion following infection with overwhelm- 
ing doses. Thus the latter method 
showed no difference in the levels of 
active immunity at peak antibody re- 
sponse and 10 days later, and gave no 
evidence of the residual trace of im- 
munity persisting for 28 days, while the 
former allowed this differentiation on a 
reasonably accurate quantitative basis. 
The relative inefficiency of passive 
immunization was demonstrable by 
both methods, but the apparent bac- 
teriostatic effect of antibody that domi- 
nates the picture in passive immunity 
was shown to be reflected as a minor 
degree of effective prophylactic im- 
munity. 

These results are consistent with the 
hypothesis that coproantibody plays 
an integral, and possibly decisive, part 
in effective immunity to this enteric 
infection, but the relationship is not a 
simple one with agglutinin titer. The 
lack of correlation is most obvious in 
the passively immunized animal in 
which there was an artificial flooding of 
the bowel with antibody, directly fol- 
lowing intragastric inoculation with 
antiserum or indirectly following pas- 
sive parenteral immunization. The effec- 
tive antibody appears to be that which 
is secreted into the bowel as a normal 
process. This is suggested in the mark- 
edly higher level of immunity in the 
actively immunized animal, but most 
strikingly in the animal immunized by 
intragastric inoculation with antiserum 
in which the initial level of immunity 
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was low despite the presence of copro- 
agglutinin in seemingly significant titer, 
but actually increased by more than 
50% 14 days after inoculation, coin- 
cident with the secretion of antibody 
from the tissues that had been originally 
absorbed from the bowel (cf. Burrows 
and Havens, 1948). As pointed out 
elsewhere (Burrows, 1953), it is possible 
that the efficiency of antibody in im- 
munity to the enteric infection is de- 
pendent upon the presence of comple- 
ment. In experiments to be reported 
subsequently the writer has observed 
that the amount of hyperimmune serum 
required to produce demonstrable lysis 
in vitro in the presence of complement 
is very small, 0.0001 ml in a total vol- 
ume of 5 ml, and dilutions giving vibrio- 
lysis would not necessarily show an 
agglutinin titer of 1:10 or higher. 


Coproantibody could thus be present in 
effective titer and yet not be demon- 
strable as agglutinin. This degree of 


activity of antibody is consistent with 
the occurrence of a substantial degree 
of prophylactic immunity together with 
low agglutinin titer as at 14 days fol- 
lowing active immunization, and with 
the trace of immunity detectable at 28 
days in the absence of significant agglu- 
tinin titer. 

The relative importance of pre-exist- 
ing coproantibody and an anamnestic 
response in the immunity demonstrable 
subsequent to active immunization is 
uncertain. Though it may be sufficient 
to affect appreciably the level of im- 
munity determined by titration of the 
ID so dose, there was little indication in 
the agglutinin response to the test 
infection that it was of a high order. 

The temptation to draw analogies 
between an experimental infection such 
as that reported here and human dis- 
ease is a strong one. While their value is 
often uncertain, a number of resem- 
blances may be noted here. Thus, the 


bacteriological character of the infec- 
tion produced by minimal doses is not 
altered to an appreciable extent by 
active immunization, and this is con- 
sistent with the failure of immunization 
to modify the human infection. Simi- 
larly, the limited immunity conferred by 
passive immunization, and its failure to 
affect subsequent infection, have their 
counterparts in the therapeutic inade- 
quacy of antiserum in human cholera. 
In addition, the duration of pro- 
phylactic immunity in the guinea pig 
and in man is not dissimilar. The time 
relationship in their coproantibody re- 
sponse suggests that the rise and fall in 
immune response is approximately 4 
times as rapid in the guinea pig as in 
man. Thus coproagglutinin begins to 
appear by the 2nd day following pri- 
mary inoculation in the guinea pig, peak 
titer is reached in 4 to 6 days, and 
significant titer persists for 3 to 4 weeks 
following multiple inoculation. In man 
coproagglutinin is detectable 1 week 
after primary inoculation, reaches a 
peak in 4 to 5 weeks, and persists for 
3 to 4 months after immunization. In the 
experiments reported here the level of 
prophylactic immunity in the guinea pig 
corresponded approximately to copro- 
agglutinin titer following active im- 
munization. It is generally said that 
immunity produced in man by inocula- 
tion with cholera vaccine appears very 
early and is detectable in some persons 
at the end of 1 week, and is of relatively 
short duration, possibly 6 months. Us- 
ing a factor of 4, presumably detectable 
traces of immunity would remain at 4 
months, which is not inconsistent with 
field observations. The implied func- 
tion of coproantibody in prophylactic 
immunity to human cholera has not, 
of course, been demonstrated. 
Comparison of prophylactic immu- 
nity in the guinea pig and in man may 
also be made in another way. Rarely 
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is naturally occurring disease so prev- 
alent as to be present in 50% of the 
population at risk, though actual prev- 
alence is no doubt greater than that 
indicated by morbidity rates that fail 
to take into account the asymptomatic 
infections that Frost has so vividly 


characterized as ‘‘occurring beneath 


the surface of our observation.’ Never- 
theless, experiments based on the pre- 


vention of infection in a portion of 
animals inoculated by the intragastric 
route with borderline doses would seem 
to be not too far removed from natural 
conditions of infection in human cholera. 
The question of the relationship between 
morbidity rates of descriptive epidemiol- 
ogy and dosage is noteworthy here 
because of the coincidence of the 14- 
fold differential in cholera morbidity 
between immunized and nonimmunized 
groups noted in the Madras studies of 
1942-43 (Adiseshan, Pandit and Ven- 
katraman, 1947) and the 14-fold in- 
crease in IDs5o dose resulting from active 
immunization in these experiments. If 
it is assumed that immunity, expressed 
as infection rate, is normally distrib- 
uted, the degree of immunity found 
in man corresponds to that in which 
the I1Dsgo dose for the guinea pig is 0.11 
mg, just at the level of significance 
(P=0.01). The that the 
immunity described here is far superior 
to that observed in the Madras studies 
is, however, hardly justified. For ex- 
ample, the level of immunity charac- 
terized by a 14-fold increase in ID50 


conclusion 


dose in the guinea pig was that observed 
at the height of the immune response, 
and it is quite improbable that all in- 
dividuals immunized in the field studies 
noted above were infected at a corre- 
sponding peak in immunity. If the full 
level of immunity obtained here occurs 
in man, the observed differential in 
morbidity is consistent with a ratio of 
infections to cases of disease of about 


10:1, i.e., the fold increase in the dose of 
0.11 mg is 1.375. Or, if the average level 
of immunity at the time of infection 
corresponded to that observed in the 
guinea pig at 14 days, and possibly equiv- 
alent to that at 2 months in man, the 
ratio would become 5:1. The extent 
to which the casual carrier state or 
asymptomatic infection occurs in epi- 
demic cholera is unknown and cannot 
be checked against such hypothetical 
ratios. In general, while it is clear that 
the experimental data may not be in- 
consistent with the results of field tests 
of prophylactic immunity in man, too 
little is known to allow more than a 
theoretical comparison. 
CONCLUSIONS 

1. A minimal dose of cholera vibrios 
given by the intragastric route that will 
infect 50% of guinea pigs may be 
determined and is designated the ID5 
dose. 

2. Prophylactic immunity to the 
enteric infection may be measured by 
fold increase in the IDs59 dose in im- 
munized animals over that for normal 
animals. 

3. Active immunization with cholera 
O vaccine results in a 14-fold increase 
in the [Dso dose at the height of the 
immune response, 4 days after a course 
of vaccine, which declines to 8.7-fold 
at 14 days and 1.9-fold at 28 days. 

4. Passive parenteral immunization 
produces an immediate immunity at a 
low level, with a 2.5-fold increase in 
IDs dose, and no detectable immunity 
remains 14 days later. 

5. Passive immunization by the in- 
tragastric route gives an immediate 
immunity with a 4-fold increase in 
IDs50 dose that rises to a 6.4-fold increase 
at 14 days, coincident with the secretion 
of antibody from the tissues originally 
absorbed from the bowel. 

6. Prophylactic immunity, like im- 
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munity to infection with overwhelming 
doses, is associated with the active 


secretion of antibody into the bowel, 
and it is suggested that coproantibody 
plays an integral and significant part in 
prophylactic immunity to this enteric 
infection. Its efficacy may be associated 
with the presence of complement. 
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INOCULATION OF NEWCASTLE 
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Newcastle disease virus (NDV) in- 
oculated into the brain of mammals in 
various studies has produced death in 
some instances and has been without 
perceptible effect in others. In an effort 
to clarify the cause of this difference the 
activity of 25 selected strains of NDV 
was studied by intracerebral inoculation 
of weanling mice. 

Henle and Henle'? and Hale and 
McKee’ observed a severe nervous reac- 
tion following intracerebral inoculation 
of influenza A and B viruses into 3- to 5- 
week-old mice. The effect was considered 
a toxic one since evidence of prolifera- 
tion of the virus in the brain was not 
obtained. Henle and Henle‘ also demon- 
strated that influenza virus produced 
severe effects in mice when inoculated 
by the intravenous or intraperitoneal 
routes. 

Since then other investigators have 
demonstrated that injection of a large 
quantity of certain viruses of the influ- 
enza-NDV group by various routes 
can elicit certain other disturbances in 
mammalian hosts.5-* The relationship 
of the neurotoxic effects of influenza 
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and Newcastle disease viruses to fac- 
tors producing other effects, such as 
febrile reactions, leucopenia, and drop 
in blood pressure, has not been clarified. 
In several instances, however, the neuro- 
toxic agent was apparently more labile 
than these factors.4:*-" 

The property of NDV which incites 
signs of central nervous system dis- 
turbance, without of virus 
proliferation, will be designated the 
neuropathic factor (NF). This term is 
used to avoid implication that the re- 
action must be caused by a toxic part 
or toxic product of the virus. 

Kraneveld and Nasoetion," using 
chicken brain suspensions, were not 
able to induce nervous signs in mice by 
intracerebral inoculation of any of 50 
Dutch East Indies strains of NDV, but 
several workers have reported the pres- 
ence of a factor which was neuropathic 
for mammalian hosts when using in- 
fected allanto-amniotic fluids of other 
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of NDV. Strains 11914 and 
Herts of NDV, when administered in- 
tracerebrally by Brandly and cowork- 
ers,'® often caused paralysis and death 
of weanling mice. Neither group of 
workers was able to adapt the virus of 
NDV to serial passage in weanling or 
older mice although the virus persisted 
in the brain as long as 10 days after 
inoculation. 

Brueckner and _ coworkers'*"’  re- 
ported, in preliminary studies, the 
appearance of neuropathic signs in a 
variety of mammals following intracere- 
bral inoculation of strain 11914 or a 
hamster-adapted line of 11914. The 
animals included cave ferrets, 
rabbits, calves, sheep, mice, monkeys, 
and hamsters. Successful serial passages 
of 11914 were recorded with cave bats 
and hamsters. Cave bats, according to 
Reagan,'? succumbed rapidly to strains 
of NDV from Colorado, Delaware, 
Kentucky, Minnesota and Connecticut. 
Reagan and have re- 
ported serial passage of the hamster- 
adapted line of 11914 in rhesus monkeys 
and weanling mice. Kilham’’ serially 
passaged the Victorian strain of NDV 
in adult mice after initial adaptation to 
sucklings. 


strains 


bats, 


coworkers'®:'8 


Wenner and coworkers*”® found that 
strain 11914 produced severe neuro- 


pathic signs in rhesus monkeys. Strain 
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Manhattan-Kansas caused milder signs 
in monkeys but was innocuous for 
weanling mice. 

Severe neuropathic responses by 
young pigs and sheep of several ages 
have been recorded by Hofstad,”" who 
administered strain 125-lowa_ intra- 
cerebrally. Attempts to adapt this strain 
of virus by intracranial passage in 
sheep and swine were unsuccessful. 


MATERIALS AND METHODS 


The 25 NDV strains, including 2 strain 
variants, were supplied by the NDV repository 
at the University of Wisconsin of the North 
Central Regional Technical Committee on New- 
castle disease and the U. S. Bureau of Animal 
Industry. The strains originated from western, 
central and eastern sections of the United States 
as well as from several foreign countries. All 
strains were of avian origin, with the exception 
of 3, which were isolated from human eye in- 
fections. Two strains had been subjected to 
mammalian brain passage after recovery from 
chickens, The origin and subsequent history of 
each of the 25 viruses employed in these studies 
is summarized in table 1. Strains whose charac- 
teristics had been modified by prolonged egg 
passage or mammalian passage are designated as 
variants. 

To provide freshly harvested fluids, 10-day em- 
bryonating eggs were inoculated into. the allan- 
toic chamber with 0.1 ml of a 107? dilution of 
virus. To circumvent bacterial contamination, 
since use of fluids was required before bac- 
teriological examination could be made, 500 Ox- 
ford units of penicillin were injected with the 
inoculum for each egg. Fluids from eggs inocu- 
lated with penicillin alone and harvested after 2 
days further incubation did not produce any 
reaction in mice inoculated intracerebrally. 
Fluids for inoculum were harvested as soon as 
possible after death of the embryo and kept at 
room temperature until used, since preliminary 
experiments had indicated that cold may alter 
the neuropathic properties of the virus. In almost 
all instances, less than 6 hours elapsed between 
harvest of the fluids and the inoculation of mice. 
Clear, undiluted, infected allantoic fluid from a 
single egg served as inoculum for a group of 
mice. For purposes of maintaining a compara- 
tive inoculum titer among strains of virus, only 
21. Hofstad, M. S. 1950, Cornell Vet. 40: 191- 

198. 
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TABLE 1.—Origin and passage history of 25 NDV strains used in experiments on neuropathogenicity 


Strain and place of origin 
. Hertfordshire—England EF; 
. Hertfordshire—England Ea 
. Milano—lItaly 

. Ixtaepalapa— Mexico 
Texcoco— Mexico 

. Victoria—Australia 

(T) Peerless—Saskatchewan 
Labelle—Ontario 
Cleroux—Ontario 

. Watford—Ontario 

. 11914—California-—-F D 

. 11914—Reagan 

. RO—California 

. CG 179-—Calitornia 

. 125—lowa 


- 
SSRN SNe 


es 
Uron~e 


- 
a 


. 23—lowa 

. (H) Najarian—Ohio 
. (H) Miller—Ohio 

. CH) Len—Missouri 

. GB—Texas 

. Roakin—New Jersey 
. KD—New Jersey 

. 46967— Michigan 

. Bl—Virginia 

. Manhattan—Kansas 


C—chicken passages. 

E—egg passages. 

Eug—egg passages at Univ. of California. 
Euw— egg passages at Univ. of Wisconsin. 
H— Hamster passages. 

* Previous egg passages are known to be few. 


allantoic fluids were employed, since Hanson® 
has shown that certain strains of NDV produce 
considerably less virus, as indicated by the 
hemagglutination titer, in the amniotic than in 
the allantoic fluid of the embryonating egg. All 
inoculums were tested for bacterial sterility and 
the presence of hemagglutinins. 

The Swiss albino mice employed in these 
studies were from a line originating at the Rocke- 
feller Institute and had been obtained from Iowa 
State College for developing a stock colony at the 
Veterinary Science Department. The majority of 
mice were between 21 and 30 days old although 
in a few instances mice as old as 50 days were 
used. Each test group consisted of 6 to 9 mice. 
Eight serial intracerebral passages of normal 
mouse brain suspensions in mice did not reveal 
the presence of any latent virus which might 
be activated by inoculation procedures. 

The mice were anesthetized with ether before 
injection. A 26-gauge needle and a 0.25-ml tuber- 
culin syringe were used for the inoculation. Five- 
hundredths ml of infected allantoic fluid was in- 
jected into the right cerebral hemisphere of each 
mouse. Tests were repeated at least once with 
each virus. The animals were observed over the 
subsequent 11-day period. Control mice received 
normal allantoic fluids. 

To facilitate comparison of potency of strains 
a ‘neuropathic index’’ was devised. Values were 


22. Hanson, R. P. 1949, Thesis, Univ. of Wis- 
consin, Madison, Wis. 


Source of isolation 


Subsequent passages 





Chicken 
Chicken 
Chicken 
Chicken 
Chicken 
Chicken 
Turkey 

Chicken 
Chicken 
Chicken 
Chicken 
Chicken 
Chicken 
Chicken 
Chicken 


Eu 
H»EsH.EHiEuy 


Eirey-E wu . 
Alter. mammal. chick embr. 
pass., Esuw 


Chicken 


Human eye infection 
Human eye infection 
Human eye infection 


Chicken 
Chicken 
Chicken 
Chicken 
Chicken 
Chicken 


derived for the separate test groups on the basis 
of the severity of signs manifested by each animal 
in the group. The highest score, 4, indicates that 
the animal was completely prostrate or severely 
paralyzed, or both, or was found dead. When a 
mouse showed evidence of paralysis or other 
severe nervous involvement but did not become 
prostrate or did not die within the 11-day period, 
it was given a value of 3. The number 2 indicates 
that only transitory lameness or other mild nerv- 
ous signs, such as temporary hyperirritability 
and incoordination, were observed. Such mice 
also had marked anorexia, or ruffled hair coat, 
or definite sluggishness, or a combination ot all 
of the various signs. The presence of very mild 
detectable inap- 
peiance or incoordination is indicated by the 
number 1. A complete absence of clinical signs is 
expressed as 0. 


signs such as sluggishness, 


The sum of the scores for all affected mice ina 
group is divided by the total number of mice in 
the group. For example, in a group where 4 of the 
8 mice died, 2 showed a definite stiffness of the 
legs and 2 remained normal, the neuropathic 
index for the strain of virus is calculated as fol- 
lows: 


(4% 4)+(2X%2)+(2x0) 20 25 
8 es 

It is true that this neuropathic index (NI) 

permits only rough comparisons and that an in- 

adequate evaluation may be obtained especially 
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in the instances where only one or two mice of a 
group show severe signs. 


RESULTS 


The neuropathic indices of each of 
25 strains of NDV are compiled. in 
table 2. The indices demonstrate 
that 8 of the 25 strains had the ability 
to cause death in a high proportion of 
the mice injected. A large percentage of 
mice inoculated with strains 11914- 
Reagan, Milano, 125-lowa, CG 179 and 
RO were prostrate or dead within 16 or 
20 hours after inoculation. Often the 


first sign of central nervous system 


TABLE 2.—Relationship of the neuropathic index of 
NDV strains to their chicken LDso and hemagglu- 
tination and embryo infectivity titers. 


HA titer, Log Log 
allantoic embryo chicken 
fluid LDue L Dee 


Neuro- 
pathic 
index 


Strain 

CG 179 
Milano 
RO 
11914-FD 
11914-Reagan 
GB 
125-lowa 
. Miller 
. Texco 

MK 


> 
) 


40 
1280 


eso 


= 
= 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
& 

9. 


. Herts-E, 
. Ixta 
. Cle 
. 23-lowa 
. Herts-En 
. Lab 
. Bi 
. Roakin 
. Peer 
. KD 
. Len 
. 46967 
3. WAT 
. Naj 
. Vict 


Sowmooecccoorwececoooooes SSccen 
CNHOKOCOSCON ENE K CNK eS Un4neen 
KH SOSCSCSOSCOSH KH KE NNN NNSSSSESESS 


COSHUUADBONSOONSELANS 


| 
} 
' 


involvement was marked hyperirrita- 
bility which might be noticeable as 
early as 3 to 4 hours after injection. The 
condition of the animal progressed 
rapidly toward prostration and death, 
which usually followed within 16 to 
48 hours after injection. Where the 
central nervous system disturbances 
progressed more slowly, typical spastic 
paralysis of the hind limbs or both 
front and hind limbs preceded death on 
the second day. Clonic spasms were of 
rather frequent occurrence. Twitching, 
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tremor and other manifestations of 
severe nervous disturbance were com- 
mon also. Mice receiving the lethal 
strains often developed rough hair 
coats and sluggishness and were other- 
wise in general ill-health prior to devel- 
opment of the severe nervous manifesta- 
tions. 

Strains 11914-FD, GB and Miller 
produced essentially the same picture 
in mice as did the other 5 highly lethal 
strains. However, strain Miller was not 
consistently as lethal, and, with few 
exceptions, none of the 3 strains induced 
death in less than 24 hours. About 48 
hours usually intervened before maxi- 
mum signs developed. 

In only a small portion of the mice 
injected did any of the strains—Ixta, 
MK, Texco, Herts-Es, and Cle, induce 
as severe neuropathic signs as those 
invoked by the 8 lethal strains. Never- 
theless, all of the 5 strains produced in 
every mouse inoculated signs of marked 
anorexia, ruffled hair coat, slight to 
moderate stiffness and lameness or 
transient incoordination. These symp- 
toms usually developed within 48 hours 
after injection. Hyperirritability of 
milder nature than that exhibited by 
animals receiving the highly lethal 
strains has been observed as early as 3 
to 4 hours post injection. The more 
severe signs were delayed, at times, 
beyond the second day. 

Eleven of the remaining strains, Vict, 
23-lowa, Herts-Eg., Lab, B1, Wat, KD, 
Len, 46967, Peer and Roakin, produced 
signs only irregularly, and these were 
usually of an extremely mild and tran- 
sient nature. The severity of the central 
nervous system involvement engendered 
was usually of a very low order. How- 
ever, with almost every strain, an occa- 
sional mouse of a group became par- 
alyzed and died. The period before ap- 
pearance of severe signs in these few 
animals was often delayed until 6 to 8 
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days after injection. Strain Naj was the 
only one studied that failed to produce 
any severe nervous effects in the wean- 
ling mouse. Nevertheless, even this 
strain has caused a definite but transi- 
tory lameness in a few mice of control 
groups in other experiments. 

In view of the uniformly high hemag- 
glutination and embryo infectivity titers 
of infected fluids used as inoculum, it 
seems unlikely that the results obtained 
can be explained on the basis of quanti- 
tative differences among strains. From 
table 2 the usual hemagglutinin and 
embryo infectivity titers of individual 
strains may be compared with repre- 
sentative neuropathic indices. The em- 
bryo infectivity and hemagglutination 
titers are usually high regardless of the 
NI of the strain. The few instances 
where the hemagglutination titer is 
low occur in strains lethal for mice. 

The majority of replicates gave 
results essentially the same as those ob- 
tained in the original tests. In some 
instances, however, the neuropatho- 
genicitity was of a lower order than 
was usual for the strain. The low indices, 
unexplainable at present, are not related 
to the hemagglutinin or egg infectivity 
titer of the fluid (unpublished data) 
Strain CG was the most erratic in be- 
havior. This strain has varied greatly 
also in regard to its hemagglutinating 
activity and embryo infectivity.” Con- 
trol mice receiving uninfected allantcic 
fluids did not develop perceptible reac- 
tion on intracerebral inoculation. 

Efforts have been made to determine 
possible correlations between the degree 
of neuropathogenicity with the ability 
of strains of NDV to agglutinate red 
cells of various mammalian species, to 
produce hemagglutinins in the amniotic 
fluids of embryonating chicken eggs, to 
induce pneumopathic effects in mice 
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and to be pathogenic for chickens. 
Other properties also compared with 
the neuropathic property were the per- 
sistence of embryo infectivity and 
hemagglutinating activity at 56 C. 
Studies of these properties other than 
neuropathogenicity have been described 
by Hanson.”* 

In most cases the various character- 
istics were not correlated, but a signifi- 
cant relationship between the chicken 
LDw and the ability to cause a nervous 
response in mice was observed among 
strains. Asa rule, the strains most lethal 
for chickens by the intravenous route 
had the highest neuropathic index. Cor- 
relation of these characteristics is appar- 
ent from the data depicted in table 2 
and figure 1. Four strains, Miller, MK, 
Ixta and Texco, for which tests have 
not been made in mice and chickens 
with fluids of the same egg passage 
were not included in figure 1. The 
extreme importance of using virus of 
the same egg passage in both species 
was demonstrated when it was found 
that a line of GB which on egg passage 
had lost its pathogenicity for chickens 
had also lost much of its neuropatho- 
genicity for mice. Fluid from the original 
stock which was lethal to chickens also 
killed mice. Similar findings have been 
made with different lines of 11914 (un- 
published data). A line of 11914 desig- 
nated BAI 15 differed from the line 
11914 FD used here in that the patho- 
genicity for chickens and neuropatho- 
genicity for mice of the BAI 15 line 
were considerably lower than that of 
the FD line. Strain Herts Es; and its 
variant, Eg, were consistently 


more 


* Strains 125—Iowa, Reagan, Naj and Len 
have been tested for chicken lethality since the 
completion of Hanson's work. Repeat titrations 
have been run on certain strains recorded in the 
above report. In all cases the strains have been 
titered by intravenous inoculation of 6- to 10- 
week-old chickens. 
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Fig. 1 
for chickens. 


Relationship of mouse neuropathic indices of 20 strains of NDV to their pathogenicitity 


* Numbers correspond to number of the strain in table 2. 


lethal for birds than for inoculated mice. 
The mammalian passaged lines 11914- 
Reagan and 125-lowa were more lethal 
for mice than for chickens. It appears 
that there is generally a good correla- 
tion between mouse lethality from intra- 
cerebral inoculation and chicken patho- 
genicity from intravenous inoculation, 
especially when fluids of the same egg 
passage are used in both tests. 

A possibly significant relationship be- 
tween the “allanto-amniotic index’’™ 
and the neuropathic index also exists. 
Those strains having a high allanto- 
amniotic index, i.e., those whose amni- 
otic fluids had high hemagglutination 
titers, tended to have low neuropathic 
indices although this was not invariably 
the case. 


DISCUSSION 


While certain strains of NDV possess 
the ability to cause a severe neuro- 


pathic reaction in intracerebrally in- 
jected mice and others possess this 
capacity to a lesser degree, it seems 
quite likely that all strains have some 
ability to damage specifically the central 
nervous system under certain 
The nature of the host-virus 
interaction which results in the clinical 
manifestation of central nervous system 
disturbance as a result of intracerebral 
inoculation with the majority of NDV 
strains remains to be elucidated. 

A delay of 3 to 8 days in the appear- 
ance of nervous signs in some weanling 
mice receiving the less neuropathic 
strains suggests that NDV may have 
potential ability to multiply as in a 
true infection, this ability being masked 
in highly neuropathic strains. The 
period of latency suggests a growth cycle 
process of the virus. The possible rela- 
tionship of certain stages of the infec- 
tious process of NDV and influenza 


condi- 
tions. 
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virus to their production of toxic reac- 
tions in mice has been investigated. 
Thus, Wagner™* discovered that the 
neurotoxic action of influenza could be 
prevented by prior intracerebral injec- 
tions of sublethal amounts of influenza 
virus or of cholera filtrate. The effect 
was considered to be due in part to de- 
struction of susceptible cell receptors. 
In studies of pneumotoxicity of 2 
strains of NDV in mice, Ginsberg*® 
presented evidence that union of virus 
and susceptible cell must occur before 
formation of lesions although 
there was no viral multiplication. Both 
receptor destroying enzyme and influ- 
enza virus prevented development of a 
toxic reaction. 

Schlesinger*® suggested that the neuro- 
toxic signs induced by influenza virus in 
the brains of mice receiving non- 
neurotropic strains of the agent may be 
the result of a partial growth process. 
The uncomplete cycle consisted of a 
temporary rise in hemagglutinin and 
complement-fixing antigens without a 
similar rise in the infective titer. 


toxic 


Cairns®’ has reported that the infec- 
tivity titers of a strain of NDV and 
non-neurotropic influenza virus undergo 
a brief although temporary rise within 
a few hours after inoculation into mice. 


This phenomenon corresponds to a one 
or two step growth cycle. 

Such reports have established that 
when certain strains of influenza virus 


and NDV are inoculated into mice, 
proliferation does not take place, but 
there is absorption of virus and initiation 
of an aberrant growth process. These 
events apparently are independent of 
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the ability of the virus to incite dis- 
turbance of the nervous system. Wag- 
ner, Cairns”? and Schlesinger® worked 
with neurotoxic strains of influenza. 
The highly pneumotoxic Hickman strain 
of NDV was used by Ginsberg in ex- 
periments with interference by influenza 
and by receptor destroying enzyme. 
Cairns”? used the Victoria strain of 
NDV, which in our laboratory has low 
neuropathogenicity. 

Ginsberg™® considers the infectivity 
and manifestation of pneumotoxicity 
to be independent. Lung lesions caused 
by NDV continued to increase as the 
infectious titer decreased. 

It is known that living or non-living 
substances may act as lethal or as 
mildly injurious factors, depending on 
the degree of antagonism which they 
incite within the host animal. Henle 
and Henle*® suggested the possibility 
that in the general adaptation syndrome 
of Selye the toxicity of influenza virus 
could be due to the “alarm reaction” 
of the animal body to an adverse situ- 
ation. The NDV particle may have 
a property which is apart from its in- 
fective ability and is capable of pro- 
foundly disturbing the normal functions 
of certain cells of the brain. This prop- 
erty may be present either in different 
quantities or it may differ in nature 
among strains, the amounts of virus 
absorbed being the same in both toxic 
and innocuous strains. 

The less actively neuropathic strains 
may engender less of the ‘neurotoxic 
factor,” with a resultant increase in 
latency, as in the case of diluted exo- 
toxins.”**° Conversely, the more lethal 
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strains may resemble concentrated tox- 
ins in rapidity of action because of a 
greater concentration of the neuro- 
pathic factor. 

In support of the view that the 
lethality of NDV strains is a property 
of the strain independent of its ability 
to proliferate, there is evidence that 
chicken pathogenicity is not solely a 
result of the proliferation of the virus in 
the avian nervous system. Virus may 
be found in the brain in fairly high 
titer and yet signs may be mild or ab- 
sent. Sinha and coworkers* found that 
strain MK developed to a titer of 10° 
embryo LD» in the brains of 6 of 12 
inoculated birds; the 6 remaining birds 
recovered without sequelae. In con- 
trast, strain CG was found irregularly 
and in low titer in the brain of 6 of 12 
birds, while the 6 birds not sacrificed 
were killed by the virus. If lethality for 
birds depends in part upon properties 
other than the ability of the virus to 
proliferate in the central nervous sys- 
tem or elsewhere in the body, relation- 
ship between neuropathogenicity for 
mice and the lethality for chickens may 
be based on a specific neuropathic factor 
of the virus. 

Experience with formalinized, con- 
centrated influenza vaccine indicates 
that the virus-protein complex is itself 
rather toxic to man." Other experi- 
ments with partially denatured influ- 
enza and Newcastle disease viruses 
show that fever and hypotension may 
be produced equally well by a com- 
plete virus particle or by one having 


31. Sinha, S. K., Hanson, R. P. and Brandly, 
C. A. To be published. 
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lost some of its more labile characteris- 
tics.’ It is possible that the action of 
NDV in the mouse brain is a conse- 
quence of the whole protein-complex 
of the virus. 


SUMMARY 


1. Twenty five strains, including 2 
strain variants of Newcastle disease 
virus, were examined for their ability to 
cause central nervous system disturb- 
ances in weanling mice inoculated 
intracerebrally. Eight of the strains 
produced a high percentage of fatalities 
in inoculated mice. Five strains were 
capable of eliciting severe nervous 
signs in a small proportion of injected 
mice and milder signs in a large propor- 
tion of mice. Eleven strains did not 
cause apparent signs in a large portion 
of mice injected; when signs developed 
they were usually very mild although 
paralysis and death occurred occasion- 
ally. One strain of virus only rarely 
affected weanling mice. From these 
results it can be concluded that strain 
variation is the probable cause of dis- 
crepancies between different reports of 
the neuropathic activity of Newcastle 
disease virus. 

2. Strains of Newcastle disease virus 
that induced severe involvement of the 
central nervous system in weanling 
mice inoculated intracerebrally were, as 
a rule, highly lethal for chickens when 
inoculated intravenously. 

3. The possible nature of mechanism 
of the neuropathic property of New- 
castle disease virus for mice and its 
correlation with lethality for fowl are 
discussed. 
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The spherules of Coccidioides immitis 
in histologic preparations of infected 
tissue vary greatly in size and structure. 
While these differences are no doubt 
due to the developmental stages of the 
fungus, the histopathologist examining 
any particular slide can readily sort 
these spherules into two quite distinct 
principal groups: (a) large, thick-walled 
spherules, including intact sporangia, 
and (b) small fungus cells, inclusive of 
sporangiospores. The spherules of the 
first group range in size from 8 to 80 
w in diameter, with rare individuals up 
to 262 uw.! Normal sporangiospores meas- 
ure 2 to 3 w? and may be included in the 
second group of small forms. Experi- 
mental studies and observations have 
established that the host’s cellular re- 
sponse to isolated fungi of group a is 
generally mononuclear, while the reac- 
tion to the spherules of group | is 
polymorphonuclear in type.*-> When 
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the lesion contains both large and small 
spherules in close proximity the histo- 
pathologic reaction is mixed. 

Menkin® has pointed out the impor- 
tant influence of the biochemistry of 
the parasitic microorganism in modify- 
ing the host’s inflammatory reaction. 
It has been the purpose of the study 
reported here to ascertain significant 
chemical differences between the two 
main groups of spherules through the 
utilization of some of the newer histo- 
chemical techniques, and to correlate 
such differences, if any, with the dif- 
ferential host response to the two princi- 


pal types of spherules as noted above. 


The stains employed include the 
Korson differential trichome technique 
for nucleic acids,’ the Baker acid- 
hematin test for phospholipid,*:* and 
the Lison a-toluidine blue reaction for 
mucopolysaccharide.'® The safranin-fast 
green technique commonly used to 
stain plant materials" was also used to 
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some advantage, in conjunction with 
digestion procedures for cellulose and 
chitin in an effort to obtain new infor- 
mation concerning the composition of 
the outer wali of the spherules. 

The Korson differential trichome 
technique for nucleic acids was utilized 
as a means of distinguishing dormant 
spherules. It been shown that 
activity of the ribonucleoproteins in the 
cell accompanies intense cytoplasmic 
synthesis* and that increase and con- 


has 


centration of the desoxyribonucleopro- 


teins attends mitosis." A diffuse, equivo- 
cal or weak test for nucleic acids can 
thus logically be employed as an indi- 
cator of dormancy in the cell. Dormant 
spherules could be expected to exert 
their influence on the host largely in the 
capacity of foreign bodies,* and the 
host reaction to static parasites might 
well be of a nature contrasting with the 
host response to other, actively metabo- 
lizing fungi. 

The Baker acid-hematin test for 
phospholipid was utilized in another 
approach. The alternating chemotaxis 
of the inflammatory cells of the host, 
which correlates in general with the 
size of the fungi in the tissue, may hinge 
on the composition of the fungus wall 
at different growth stages. Cell cover- 
ings which resist the diffusion of large 
molecules presumably retain certain 
chemotactic substances within the cell, 
and block or alter chemical interchange 
between parasite and tissues. Lipoid 
complexes, particularly those rich in 
phospholipid, such as the lipoprotein of 
the stroma of erythrocytes, are evi- 
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dently present in many selectively 
permeable biological structures.“ It 
was thought that if one group of 
spherules possessed walls containing 
more phospholipid than another, this 
fact would assist in the formulation of 
an understanding of the alternating 
host response. 

The Lison a-toluidine blue reaction 
for mucopolysaccharide was employed 
to locate this material in the spherules. 
The prosthetic groups of important 
microbial enzymes such as hyaluroni- 
dase may contain mucopolysaccharide.® 
Certain bacterial antigens are known to 
be mucopolysaccharide in nature (pneu- 
mococcus, Shiga-Kruse). Barnet,!” 
Meyer'® and others have presented evi- 
dence that the site of antigen-antibody 
activity in other nonbacterial cells also 
coincides with the location of materials 
giving positive tests for mucopolysac- 
charide. Menkin® has pointed out that 
inflammatory processes are essentially 
a manifestation of the immunologic 
mechanism. If mucopolysaccharides 
were found to be present in some 
spherules and not in others, the con- 
trasting histopathologic response seen 
with different types of spherules might 
be interpreted with some justification as 
the reflection of enzymic or antigenic 
differences between them. 
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METHODS 


Infection of mice with C. immitis.—An inocu- 
lum containing spherules of C. immitis was pre- 
pared by grinding infected tissue to small par- 
ticle size in normal saline solution. Mature male 
ABC mice were injected intraperitoneally with 
0.2 ml of the material. When signs of illness were 
seen in the mice (2 to 4, weeks postinoculation) 
they were killed. Grossly pathological specimens 
of liver, spleen and omentum were removed and 
placed in suitable fixative solutions. 

Korson's differential trichrome technique’ for nu- 
cleic acids.*—Korson has found that after condi- 
tioning of the sections with orange G, a mixture 
of methyl green and toluidine blue colors ribo- 
nucleic acid (RNA) blue and desoxyribonucleic 
acid (DNA) green and that the reaction is prob- 
ably semiquantitative. Photomicrographs taken 
with ultraviolet and visible light confirmed that 
structures containing nucleic acids were those 
which stained with the methyl green and 
toluidine blue. Digestion with nucleases and ex- 
traction with perchloric acid further indicated 
specificity for Korson’s stain. In the employment 
of this technique, the present authors pretreated 
alternate sections of tissue containing C. immitis 
with perchloric acid prior to staining. The acid 
preferentially destroys RNA, unmasking the 
desoxy compound so that alternate slides located 
the two types of nucleic acid. 

Baker's acid-hematin test®* for phospholipid. t— 
The reaction of Baker’s modification of the 
Smith-Dietrich test has been 
shown to be completely negative with cellulose 
and chitin® and is thus of special value in the 


acid-hematin 


* Tissues were fixed overnight in Carnoy’s 
fluid, washed in 95% ethanol for 1 hour. After 
clearing and infiltration with paraffin, they were 
sectioned and brought down to water. At this 
point alternate sections were treated with 10% 


perchloric acid at room temperature for 30 
minutes. The perchloric acid-treated sections 
were then washed for 1 hour in running water and 
placed in a bath of distilled water for 10 minutes. 
All sections were then stained in 5% aqueous 
solution of orange G for 5 minutes and rinsed in 
distilled water. They were next stained in 0.15% 
aqueous solution of methyl green for 15 minutes. 
After draining, they were passed to distilled water 
containing 0.05% toluidine blue and 0.075% 
methyl green for 5 minutes. The stained slides 
were rinsed well in tertiary butyl alcohol and left 
overnight for differentiation in fresh tertiary 
butyl alcohol. They were cleared with xylene. 
The mounting agent was Permount (Fischer 
Scientific Company). 
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staining of fungus cells. Phospholipid-containing 
material is mordanted with calcium chloride and 
potassium dichromate, enabling it to form a salt 
with borax hematoxylin. Extra-nuclear dark blue 
color locates the phospholipid in the sections. 
As a check upon the specificity of the reaction, 
alternate sections were extracted with a number 
of fat solvents prior to staining. 

Lison” stain. t—Michaelis® has shown that the 


+ Tissues were fixed for 72 hours in the follow- 
ing: formalin, 10 ml; 10% aqueous solution of 
calcium chloride, 10 ml; distilled water, 80 ml; 
powdered chalk, 2 g. Tissues were then incubated 
overnight at 60 C in an aqueous solution contain- 
ing 3% potassium dichromate and 1% calcium 
chloride. They were washed in running water for 
1 hour, followed by distilled water for 5 minutes, 
dehydration and infiltration with 5% gelatin 
in distilled water at 55 C over anhydrous calcium 
chloride. The infiltrated material was then 
frozen with carbon dioxide, sectioned and 
brought down to water. At this point alternate 
sections to be used as controls were bathed in 
95% ethanol at 60 C for 1 hour to remove waxes. 
They were next treated with a mixture of equal 
parts of chlorophorm and ether for 1 hour to 
extract phosphatides, followed by immersion in 
acetone for 1 hour to dissolve glycerides and 
cholesterides. This procedure for extraction of 
lipids was suggested by Chargoff.’® After acetone 
the treated alternate sections were washed in 
several changes of distilled water for 1 hour. All 
sections were then stained in Koltchinsky's 
hematoxylin at 37 C overnight. The following 
morning they were washed for 1 hour in several 
changes of tap water. Following an additional 
10 minutes in distilled water, they were mounted 
in glycerin jelly. 

19. Chargoff, E. 1944, Lipoproteins. Advances 
in Protein Chem. 1: 1-25. 

t Tissues were fixed overnight in equal parts 
of 8% basic lead acetate and 16% formalin. 
After washing for 1 hour in running water, the 
tissues were dehydrated, cleared and embedded 
in paraffin according to usual procedure. All 
sections were run down to water. Alternate sec- 
tions were then bathed in 1% potassium hy- 
droxide for 20 minutes at room temperature and 
washed for 30 minutes in running water. All sec- 
tions were then stained in 0.1% toluidine blue 
in 1% ethanol for 1 hour. After thorough rinsing 
in 95% ethanol, they were blotted dry and placed 
in acetone for 5 minutes, followed by immersion 
in a mixture of equal parts of acetone and 
xylene for 5 minutes. Two subsequent changes of 
xylene for 3 to 5 minutes each were done for 
clearing. The sections were mounted in Permount. 
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a fraction of toluidine blue can be caused to act 
specifically with the sulfuric ester moiety of acid 
mucopolysaccharides, giving an alcohol re- 
sistant reddish color. The Lison stain is based 
upon the a-toluidine blue reaction after mordant- 
ing with basic lead acetate. As a check upon the 
specificity of the reaction, alternate sections were 
treated with potassium hydroxide before staining. 

Cellulose and chitin.§—A number of generally 
used microchemical tests for the differentiation 
of chitin and cellulose, including Gilson’s, 
Schulze’s, Bethe’s, Zander’s and others®!* gave 
20. Michaelis, L. 1947, Nature of interaction of 

nucleic acids and nuclei with basic dyestuffs. 
Cold Spring Harbor Symposium, 12: 131- 
142. 

§ All tissues for the study of cellulose and 
chitin were fixed overnight in Carnoy’s fluid and 
washed for 1 hour in 95% ethanol. After clearing 
and infiltration with paraffin, the specimens were 
sectioned and brought down to water. The first 
section of each specimen was stained in 0.5% 
safranin containing a few drops of formalin, 10 
minutes at 60 C. The first sections were then 
washed in distilled water and differentiated in a 
saturated solution of picric acid in 95% ethanol 
for 15 seconds; this was followed by ammoniated 
95% ethanol (10 drops of ammonium hydroxide 
in 100 ml 95% ethanol) for 15 seconds, to stop 
the action of the picric acid. The sections were 
then passed through two baths of absolute alcohol 
for 5 minutes each, then 0.5% fast green in equal 
parts of clove oil and isopropyl alcohol for 2 
minutes, clove oil for 15 seconds, equal parts of 
clove oil, absolute alcohol and xylene for 15 
seconds, and finally two changes of xylene until 
the sections cleared. Permount 
mounting. 

The second sections from each specimen were 
digested in a solution of copper carbonate in a 
minimum quantity of strong ammonia water 
(Schweitzer’s reagent) for 1 hour prior to staining 
to remove cellulose. These sections were rinsed 
briefly in strong ammonia water and washed for 
5 minutes in each of two changes of distilled 
water after the treatment with Schweitzer's 
reagent, and then subjected to the same staining 
procedures as the first sections. 


was used for 


The third sections from each specimen were 
placed in 5% sodium hypochlorite in 50% 
ethanol for 1 hour to destroy chitin, washed in 
running water for 1 hour, and for 5 minutes in 
distilled water, before staining. 

21. Glick, D. 1949, Techniques of Histo- and 
Cytochemistry, New York, 
Publishers. 

22. Rawlins, T. E, 1933, Phytopathological and 
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no satisfaction in the hands of the present 
authors. Results with them were not repro- 
ducible, and known positive and negative control 
materials stained in an equivocal or nonspecific 
manner. Another approach to the problem of 
chitin as against cellulose in the wall of C. immitis 
appeared to be required. This approach was found 
in the employment of the safranin-fast green 
combination" used to stain botanical specimens, 
in conjunction with digestions of the sections of 
C. immitis and of sections containing known 
chitin and cellulose. Privet leaf (cellulose) and 
eggs of ascaris (chitin) were utilized as the con- 
trols. Schweitzer’s reagent was used to destroy 
cellulose and chlorine*™ to destroy chitin. 


OBSERVATIONS 


Distribution of ribonucleic acids (Kor- 
son stain).—Ribonucleic acids as indi- 
cated by the dark blue color with tolui- 
dine blue after conditioning with orange 
G were found to be present in large 
quantity throughout the cycle of the 
parasite. No spores which could be 
construed as dormant were found. The 
distribution of nucleic acids in the spores 
was markedly different, however, at the 
different developmental stages of the 
fungi. In normal sporangiospores (2 to 
3 pw diameter) these substances were 
concentrated in a spherical or crescent- 
shaped central body measuring a frac- 
tion of a micron. The thick ‘‘capsule”’ 
of sporangiospores did not stain. In 
spherules of somewhat larger size (3 to 8 
pw diameter) the toluidine blue reaction 
appeared at the periphery of the cell, 
and was seen as a thin, beaded bound- 
ary. In spherules slightly older than 
these, an outer wall which did not stain 
could be discerned by reduced illumina- 
tion. All maturing spherules and spor- 
angia had such walls, separating the 
Korson-positive material from the tis- 

Botanical Research Methods, New York, 

John Wiley and Sons, Inc. 

. Campbell, F. L. 1929, Detection and esti- 
mation of insect chitin and the irrelation of 
“chitinization” to hardness and pigmenta- 
tion of the cutica of the American cockroach, 


Periplaneta americana L, Ann, Ent. Soc. Am. 
22: 401-426, 
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sues of the mouse. The cytoplasm of 
large precleavage spherules was often 
evenly and uniformly Korson-positive. 
Only the vacuoles and walls of such 
forms contained no ribonucleic acids. 
In sections stained after treatment 
with perchloric acid a good deal of the 
positive material had The 
the were 
irregular or weakly 


vanished. 
DNA 


positive in forms 


results of test for 
ranging in size between sporangiospores 
and cleavage spherules. But the central 
bodies of sporangiospores, presumably 
nuclei, although remaining the same in 
form as before perchloric acid, were 
now green in hue, indicating DNA (fig. 
1). In some of the cleavage spherules 
the cytoplasm appeared to be multi- 
nucleate and coenocytic. In yet other 
spherules in the late stages of cleavage 
the multiplying endospores were seen to 
contain from one to four nuclei (fig. 2). 
It is of interest that after treatment with 
perchloric subcuticular blue- 
staining portion of the sporangial walls 
was observed. 


acid, a 


Occurrence of phospholipid (Baker 
The thick walls of all of the 
larger spherules were strongly positive 
for phospholipid (fig. 3), the 


stain). 


while 


capsule or covering of sporangiospores 
was completely 


this sub- 
spores, identical 
with those in which the nucleic acids 
were above to be 


lacking in 
stance. Other small 
seen distributed 
peripherally, had very thin outer layers 
containing phospholipid, the thinness of 
the wall being generally in proportion 
to the dimensions of the spore (fig. 4). 
Pretreatment with fat solvents re- 
moved the major portion of the positive 
material. 
Mucopolysaccharide. 

mucopolysaccharide in 


The location of 
the spherules 
was of particular interest. The Lison 
technique indicated that the capsule or 
cevering of the sporangiospore, com- 
prising practically the entirety of extra- 
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nuclear structure, and the matrix ma- 
terial in which such spores are lodged 
until expelled from the sporangia both 
contained considerable mucopolysac- 
charide (fig. 5 and 6). Vacuoles within 
some of the larger spherules also con- 
tained Lison-positive material. But in 
these, and in all other types of spherules 
except sporangiospores, the mucopoly- 
saccharide was separated from the tissue 
of the host by cytoplasm and the outer 
wall. Pretreatment of the sections with 
potassium hydroxide removed all pink- 
staining material. 

Cellulose and chitin.—The walls of the 
the shell of ascaris 
eggs, and the cellulose of privet leaf 
stained green with safranin-fast green. 


large spherules, 


The cuticle of ascaris and the lignin of 
the plant material took the safranin. 
Digestion with Schweitzer’s reagent de- 
stroyed the cellulose of the leaf although 
the lignin remained, but did not alter 
the staining or general appearance of 
sections of C. immitis or ascaris. The 
shell of the ascaris egg disappeared on 
treatment with sodium hypochlorite, 
while the staining of the privet leaf 
the The wall of the 
larger spherules of C. immitis was not 
dissolved by hypochlorite like the as- 


remained same. 


caris shell, but it lost its strong affinity 
for the fast green and stained pink and 
pale green in a mottled pattern. Of 
particular interest was the emergence 
after the hypochlorite treatment of a 
thin subcuticular layer with an affinity 
for safranin like that of the proteina- 
ceous cuticle of ascaris or the lignin of the 
leaf (fig. 7). 


DISCUSSION AND CONCLUSIONS 
With 


acids 


nucleic 
plentiful in 
spherules at all stages of development, 


Korson’s technique, 


were seen to be 
pointing to a state of continuous posi- 
tive metabolism. The distribution of the 
positive-reacting material in the spher- 
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ules was markedly different in different 
spherule types, also indicating that the 
life processes of the fungus proceed at a 
rapid pace, with no resting stage of the 
cycle. As no cells which could be con- 
strued as dormant were found, the au- 
thors conclude that differences in histo- 
pathologic response to different classes 
of spherules cannot be explained on the 
basis that some of them exert their 
chief influence on the host as inert for- 
eign bodies. 

It is of interest that desoxyribo- 
nucleic acid appeared to be concentrated 
in the small central, spherical or cres- 
cent-shaped body of sporangiospores. 
Normal sporangiospores at the time of 
dehiscence of the sporangium contained 
one such ‘‘nucleus,”’ while the cytoplasm 
of units within spherules which were 
still undergoing cleavage contained from 
one to several nuclei. The cytoplasm of 
a few large spherules, interpretable as 
precleavage forms of the fungus, ap- 
peared to be coencovtic and multi- 
nucleate. It was impossible to locate 
DNA with any certainty in spherules 
at stages between the sporangiospore 
and the spherule in cleavage. The entire 
spherule in such cases, with the excep- 
tion of the wall, appeared to be evenly 
and weakly Korson-positive. In gen- 
eral, the distribution of the nucleic 
acids seen in this experiment agreed 
with the observations of Brachet™ con- 
cerning nucleoproteins. During meta- 
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phase DNA localizes and increases at 
the expense of RNA, while the inter- 
phase states of the cell are characterized 
by predominance of RNA. 

The Baker technique demonstrated 
the presence of considerable phospho- 
lipid in the walls of all spherules except 
sporangiospores. The thickness of the 
layer of phospholipid was seen to be 
proportional to the size of the cell. It is 
concluded on the basis of this observa- 
tion that chemical interchange between 
spherules and host tissues is different in 
the case of sporangiospores where there 
is no interposition of a phospholipid 
layer, and that this may correlate with 
the polymorphonuclear reaction most 
prominently seen in the vicinity of 
sporangiospores in tissue sections con- 
taining C. immitis. 

Menkin*® has shown that the pH of an 
area of inflammation may condition 
the dominant form of leukocytes. He 
found that polymorphonuclear cells 
cannot exist in acid medium. The hydro- 
gen ion reaction in lesions where 
sporangiospores are released may shift, 
owing to substances otherwise retained 
within the sporangial wall. The phos- 
pholipid of the wall itself may, on the 
other hand, possess distinctive chemo- 
tactic properties for the mononuclear 
elements of inflammation. 

The extranuclear portions of the 
sporangiospores of C. immitis and the 
matrix material of sporangia contained 


Fic. 1.—Sporangiospores emerging from sporangium of C. immitis. (Note uninucleate condition of 


majority of spores.) Korson stain. 600. 


Fic. 2.—Binucleate sporangiospores within an immature sporangium. Korson stain after perchloric 


acid treatment. 600. 


Fic. 3.—Phospholipid in wall of large spherule. Baker stain (extranuclear dark blue color locates 


phospholipid). 600. 


Fic. 4.—The thickness of the phospholipid layer is proportional to the dimensions of the spherules. 


Baker stain. 600. 


Fic. 5.—The “‘capsules’”’ of sporangiospores and the matrix material of the sporangium contained 
mucopolysaccharide (pink color). Lison stain. 600. 

Fic. 6.—Pink-staining “capsules” of sporangiospores. Detail from figure 5. Lison stain. 900. 

Fic. 7.—Basophilic subcuticular layer of spherule wall (see also fig. 2). Safranin-fast green stain 


after chlorine treatment of section. 600. 
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considerable quantities of mucopoly- 
saccharide, according to the Lison 
indicator. In no other types of spherules 
was mucopolysaccharide a consistent 
feature, and when present at all in other 
types of spherules it lay in vacuoles 
insulated from direct contact with the 
tissues of the host by cytoplasm and an 
outer wall. The rapid change in the his- 
topathologic reaction of the _ host, 
marked by the influx of polymorpho- 
nuclear leukocytes when _ sporangio- 
spores are released, may be accounted 
for if the reddish staining matter of 
sporangiospores and matrix indicates 
the presence of a catalyst such as 
hyaluronidase or leukotaxine (permea- 
bility factor), both of which appear to 
possess prosthetic groups of a carbohy- 
drate nature.*:” 

The composition of the covering or 
wall of C. immitis has been the subject 
of considerable investigation. Utilizing 
X-ray analysis, Frey™ has_ recently 
found that the Phycomycetes, with 
which C. immitis has been classified, 
fall sharply into two groups, those whose 
walls are chitin, and those whose walls 
contain a substance whose X-ray pat- 
tern agrees with that of cellulose. Frey 
was unable to find a juxtaposition of 
chitin and cellulose in any of the Phyco- 
mycetes investigated. As important 
phylogenetic significance has been at- 
tached to Frey's observations it seemed 
desirable to attempt to ascertain 
whether C. immitis should be placed 
in the chitin or the cellulose group of 
Phycomycetes. Along with sections of 
C. immitis, controls of known chitin 
and cellulose were subjected to treat- 
ment with Schweitzer’s reagent and 
with chlorine. The results indicated the 
absence of cellulose in the walls of C. 
immitis when the treated slides were 
stained with safranin-fast green. Chlo- 


24. Frey, R. 1950, Chitin and cellulose in the 
cell walls of fungi. Ber. schweiz. botan. Ges. 
60: 199-230. 
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rine did not completely destroy the 
fungus wall, as it did the shell of ascaris 
(chitin control). But the affinity of the 
fungus wall for fast green was markedly 
altered by the chlorine, which unmasked 
a subcuticular layer of red-staining 
matter. This observation has suggested 
that chitin had been present, and 
largely removed by the chlorine from 
a basophilic matrix of protein nature.* 


SUMMARY 


1. No stage of dormancy in the 
parasitic cycle of Coccidioides immitis 
was demonstrable by use of the Korson 
stain for nucleic acids. All of the 
spherules appeared to be in an active 
state of metabolism. There are evi- 
dently no living spores of C. immitis 
which exert their influence on the host 
in the sole capacity of foreign bodies. 

2. The presence of considerable phos- 
pholipid in the walls of large spherules, 
according to the Baker stain, and its 
absence in the small fungus cells suggest 
that differing permeabilities in the two 
spherule types may account for the 
differential histopathologic reaction to 
them. 

3. The a-toluidine blue reaction of 
Lison indicated that sporangiospores 
differ from all other spherules of C. 
immitis in the possession of a relatively 
thick outer layer rich in mucopolysac- 
charide. 

4. Treatment with Schweitzer’s rea- 
gent did not alter the appearance of the 
wall of C. immitis when stained with 
safranin-fast green, while treatment 
with sodium hypochlorite destroyed 
known chitin (ascaris egg shell) and 
markedly changed the staining affinities 
of the fungus wall, revealing a basophilic 
matrix. 


*It appears unlikely that this matrix might 
contain lignin. The authors recently performed 
controlled chlorine-sodium sulfite tests for lignin™ 
on sectioned spherules with negative results. 





THE EFFECT OF MAPHARSEN ON THE GLUCOSE METABOLISM OF 
TRYPANOSOMA EQUIPERDUM 


WILLIAM CANTRELL 


From the Department of Pharmacology, The University of Louisville School of Medicine, 
Louisville 2, Kentucky 


The high rates of glucose consumption 
observed in trypanosomes, together 
with theoretical considerations based on 
the role of sulfhydryl-containing en- 
zymes in glycolysis and the ability of 
arsenical drugs to combine with sulfhy- 
dryl groups, have led some workers to 
suspect that arsenical trypanocides act 
by disrupting the glycolytic process. 

Chen! found that mapharsen, meta- 
amino-para-hydroxy-phenyl-arsenoxide, 
at a concentration of 1 mg per ml, 
inhibited hexokinase activity of lysed 
Trypanosoma equiperdum preparations 
21% and 2 mg per ml inhibited it 91%. 
He found that mapharsen at 2.4 mg 
per ml inhibited the 3-phosphoglycer- 
aldehyde dehydrogenase system 58% 
and 55% in two experiments. He also 
found that 0.2 mg. per ml inhibited 
adenosine-triphosphatase activity of 
lysed trypanosomes. 

Marshall* that the similar 
arsenical compound phenyl-arsenoxide 
strongly inhibited the utilization of 
glucose by whole blood containing 
Trypanosoma evansi when the drug was 
added at a concentration of 6X10-*M. 
He concluded that this drug inhibited 
the hexokinase reaction in 7. evansi, 
blocking the utilization of glucose at 


found 


the first step, conversion of glucose to 


glucose-6-phosphate. 
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The present report describes experi- 
ments made to determine whether 
trypanosomes from mapharsen-treated 
rats use less glucose or produce less 
pyruvic acid than untreated trypano- 
somes. 


METHODS 


Glucose was determined by the method of 
Folin and Malmros,’ in which the glucose is 
oxidized with alkaline potassium ferricyanide and 
the ferrocyanide produced is converted to Prus- 
sian blue, which is measured photometrically. 
Hawk, Oser and Summerson® suggest that the 
reagent blanks be ignored in using the method of 
Folin and Malmros because in the presence of a 
blood filtrate the blank density is reduced. That 
this procedure has something to recommend it 
can be demonstrated by simultaneously deter- 
mining glucose in blood by the method of Folin 
and Malmros and by Nelson's‘ modification of 
Somogyi’s method, which is said to be more 
specific for glucose. In such comparisons, if 
blanks are subtracted in the former method, the 
results are usually lower than results obtained 
with Nelson's method. 

On the other hand, we have found that the 
reagents do contribute, to known glucose solu- 
tions, a reading equal to the reading obtained 
with the reagents in the absence of glucose. 
Therefore, changes in glucose concentration are 
better measured by subtracting the blank reading 
from the glucose standard reading. The change 
in glucose concentration can then be obtained 
from the change in colorimeter reading divided 
by the glucose standard reading minus the 
blank. Or, alternatively, the same result is ob- 
tained by subtracting the blank from all the 
readings and getting the “apparent’’ glucose 
concentrations at the beginning and end of the 
test period. Although these apparent values are 


3. Hawk, P. B., Oser, B. L. and Summerson, 
W. H. 1947, Practical Physiological Chem- 
istry, ed. 12, Philadelphia, The Blakiston Co., 
p. 526. 

4. Nelson, N. 1944, J. Biol. Chem. 153: 375-380. 
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TABLE 1.—Changes in glucose concentration in blood containing 53,000 to 134,000 trypanosomes 


Treated 


per cubic mm and in uninfected rat blood incubated at 38 C 


Untreated 





Trypanosomes 
per cubic mm 
in thousands 


0 min. 1Smin. 25 min. 30 min. 


Trypanosomes 
per cubic mm 
in thousands 


0 min. 1S min. 25min. 30 min. 





lafected rat blood 
9 94 


7 
10 
9 


ill 





128 
117 97 


Uninfected rat blood 
91 





* Mg of glucose per 100 ml of blood. 


not the closest possible estimates of the true 
values obtainable from the data, the difference 
between them is the closest estimate of the 
change in glucose concentration obtainable from 
the data. Therefore, we have used such values in 
table 1 to show the changes in glucose concentra- 
tion. Pyruvic acid was determined by the method 
of Lu,® as modified by Bueding and Wortis* and 
Elgart and Nelson’ and described by Burris, Um- 
breit and Stauffer,* in which pyruvic acid is con- 
verted to its 2,4-dinitro-phenylhydrazone, which 
is measured photometrically. Trypanosomes 
were counted in a hemocytometer in blood 
diluted 1:100 with physiological saline. 


EXPERIMENTAL RESULTS 


A rat with 108,000 trypanosomes per 
cubic mm of blood was treated with 2 
micromoles of mapharsen per kg (0.516 
mg per kg). Table 2 shows the course 
of the parasitemia during the next 2 
hours. 

The time required to clear half the 
trypanosomes from the blood was 
about 75 minutes, and the time required 
to clear 90% was about 108 minutes. 
5. Lu, G. D. 1939, Biochem. J. 33: 249-254. 

6. Bueding, E. and Wortis, H. 1940, J. Biol. 
Chem. 133: 585-591. 

7. Elgart, S. and Nelson, N. 1941, J. Biol. Chem. 
138: 443-444. 

8. Umbreit, W. W., Burris, R. H. and Stauffer, 
J. F. 1947, Manometric Techniques and Re- 
lated Methods for the Study of Tissue Metab- 
olism, Minneapolis, Burgess Publishing Co., 
p. 105, 


During the first 45 minutes the number 
of trypanosomes was reduced about 
10%. 

With this sequence in mind, experi- 
ments were made to determine whether 
trypanosomes from mapharsen-treated 
rats use less glucose in the period just 
before they begin to disappear from the 
blood in large numbers. In each of 
these experiments two rats, infected at 
the same time and having about the 
same degree of infection, were used. 
One of each pair was treated intra- 
venously with two micromoles of 
mapharsen per kg and the other served 
as a control. Blood was obtained 30 
minutes after treatment and was de- 
fibrinated by shaking with glass beads. 
A sample was removed for counting of 
trypanosomes and glucose determina- 
tions. The rest of the parasitized blood 
was shaken in Warburg flasks in a 38 C 
water bath. Samples were removed at 


TABLE 2.—The effect of 2 micromoles per kg of 
ma pharsen on the number of T. equiperdum 
in the blood. 

Timeafter 
injection 





Trypanosomes 
per cubic mm 





| min. before 
15 min. after 
31 


56 
62 


90 
110 








METABOLISM OF 7. EQUIPERDUM 


TABLE 3.—Glucose consumption by trypanosomes 
from mapharsen-treated rats and from 
untreated rats. 


Untreated 





Cera OuUeune 


- 


Mean + standard error 45.14+1.2 46.844.1 





These figures in terms of glucose used per 10 trypano- 
somes in 15 minutes. 


15 minutes and at 25 or 30 minutes for 
analysis. The latter samples served to 
show that glucose continues to disap- 
pear at a fairly constant rate for at 
least 25 minutes under the conditions 
of the experiment. Blood containing 
about 50,000 to 100,000 trypanosomes 
per cubic mm was used to get appropri- 
ate rates of glycolysis. Since uninfected 
rat blood is glycolytic, it was necessary 
to allow for the action of the blood in 


calculating the amount of glucose used 


by the trypanosomes. It was found 
that blood from young rats (100 to 200 
g) used glucose at the rate of about 20 
mg per 100 ml in 15 minutes whether 
from treated or untreated rats. There- 
fore, this amount was subtracted from 
the observed changes in glucose con- 
centration of infected blood.* 


* We have recently measured glycolysis in un- 
infected rat blood from a series of five mapharsen- 
treated and five untreated rats without ever ob- 
serving rates as high as those found in the two 
pairs done at the time of the trypanosome ex- 
periments. The mean values in these more recent 
experiments were 10.4 mg per 15 minutes for the 
untreated and 10.6 mg per 15 minutes for the 
treated bloods. 

Another way of estimating the amount of 
glycolysis to be attributed to the blood is to plot 
the number of trypanosomes in the blood against 
the amount of glucose disappearing. When this is 
done the regression lines intercepted the zero 
ordinate near 20 mg percent, not 10 mg percent. 
Recently another experiment with infected blood 
was made, taking great care to obtain a good 
estimate of the number of trypanosomes. The 
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Ten pairs of infected rats were stud- 
ied. Each pair consisted of a treated and 
an untreated rat. Table 1 shows the 
changes in blood glucose observed. The 
results of these experiments are shown 
in table 3 in terms of the amount of 
glucose used by the trypanosomes in 
100 ml of blood containing 100,000 
trypanosomes per cubic mm in 15 
minutes. The figures therefore represent 
the glucose consumption of 10" try- 
panosomes in 15 minutes. The results 
for treated and untreated trypanosomes 
are quite similar. About 45 mg of glucose 
was used per 10'° trypanosomes in 
either case. Chen and Geiling® found 
that 10° trypanosomes used 52 mg of 
glucose in 15 minutes in 
solution plus plasma. 

These experiments furnished  evi- 
dence that mapharsen does not exert its 
primary lethal action on the enzymatic 
process that is involved in the disap- 
pearance of glucose. They did not give 
a complete answer to the question of 
whether the drug affects glucose metab- 
olism, because some step in the break- 
down of glucose to pyruvate might be 
involved without affecting the removal 
of glucose itself. To check this possi- 
bility another series of experiments was 
made in which the amount of pyruvate 
produced was measured in_ infected 
blood from treated and untreated rats. 
Again it was necessary to study the 
behavior of uninfected blood. The 
amount of pyruvate appearing in rat 


Ringer's 


value for glucose disappearing fell just 10 mg per- 
cent below the regression line previously drawn. 
All these considerations led us to suspect that 

some new factor influencing glycolysis by blood 

was introduced between the two series of ob- 

servations and that 20 mg percent is the better 

estimate of the glycolysis attributable to blood 

in the experiments with trypanosomes. 

9. Chen, G. and Geiling, E. M. K. 1945, J. In- 
fect. Dis. 77: 139-143. 

10. Reiner, L. and Smythe, C. V. 1934, Proc. 
Soc. Exper. Biol. & Med. 31: 1086-1088. 
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incubated for 15 minutes was 
quite variable but was always small in 
comparison with the amount produced 
in parasitized blood. The mean change 
in unparasitized blood was less than 1% 
of the changes measured in parasitized 
blood, so the action of the blood does 
not affect the results very much. Both 
treated and untreated unparasitized 
bloods were studied. The amount sub- 
tracted from the observed changes was 
0.23 mg per 100 ml. The results are 
given in table 4. If the experiments are 
considered in pairs as they were done, 
in 9 of 10 pairs the treated trypanosomes 
produced less pyruvate than the un- 
treated ones. The difference was such 
that the untreated trypanosomes pro- 
duced 1.7 moles of pyruvic acid from 
each mole of glucose, while the treated 
trypanosomes produced 1.4 moles of 
pyruvic acid from each mole of glucose. 


blood 


These results agree reasonably well 
with those of Reiner and Smythe'® with 


regard to the amount of pyruvate pro- 
duced per mole of glucose although 


their experiments were made with 
trypanosomes in Ringer’s solution while 
ours were in defibrinated blood. They 
found that 1.8 moles of pyruvate were 
produced for each mole of glucose used 
in one series of experiments and 1.74 
moles in another series. 


DISCUSSION 

It is interesting to compare the con- 
centrations of drug used by Marshall 
and Chen in their in vitro experiments 
with the maximum concentration of 
mapharsen that can occur in our experi- 
ments. The intravenous injection of 2 
micromoles per kg could give a maxi- 
mum concentration of around 20 mi- 
cromoles per liter of blood or 2X10-°M 
or about one-thirtieth as much as in the 
experiments of Marshall. Furthermore, 
2X10-°M is equivalent to 0.00516 mg 
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TABLE 4,—P yruvic acid production by trypano- 
somes from mapharsen-treated rats and from 
untreated rats 


Untreated 





CHUIOUSSEHE 


10 


Mean + standard error 38.0+1.9 





These figures are in terms of pyruvic acid produced per 
10'° trypanosomes in 15 minutes. 


per ml. Since the concentrations used 
in Chen’s experiments were usually 1 
to 2 mg per ml., the drug concentrations 
in our experiments seem to be of a dif- 
ferent order of magnitude. It is well 
known, however, that trypanosomes 
concentrate arsenic and, for this reason, 
perhaps the concentration of drug at its 
site of action is not as different as this 
comparison would indicate. The try- 
panosomes would need to raise the con- 
centration of mapharsen at its site of 
action to a level 500 to 1000 times that 
of the surrounding medium to bring 
it into the range of Chen's experi- 
ments. 

Since the trypanosomes in our experi- 
ments were taken from the rat at a 
time just before the death of large num- 
bers of the trypanosomes could be ex- 
pected to occur, we think these results 
convincingly rule out an action on 
hexokinase as the lethal action of 
mapharsen. Furthermore, we wonder 
whether the lethal action of the drug 
should be attributed to its effect on 
subsequent steps in the breakdown of 
glucose to pyruvate because 82% of the 
normal amount of pyruvate still was 
produced by the treated trypanosomes. 
The possibility that the drug exerts 
its primary lethal effect on some other 
phase of metabolism should be con- 
sidered. 





STUDIES ON THE PATHOGENESIS AND IMMUNITY OF TULAREMIA 


I. THE DEMONSTRATION OF A PROTECTIVE ANTIBODY IN MOUSE SERUM 


LOLITA PANNELL* AND CORA M. DOWNS 


From the Department of Bacteriology, University of Kansas, Lawrence, Kansas 


In tularemia, as in other infectious 
diseases, the antibody content of the 
circulating blood is not a reliable index 
to the resistance of the host. Killed cul- 
ture vaccines induce the formation of 
agglutinins and precipitins against Bac- 
terium tularense antigens in rats, mice, 
guinea pigs, and rabbits, but only in the 
case of the rat is the animal thereby 
protected against challenge with fully 
virulent organisms. Attempts in this 
laboratory to correlate protection 
against challenge with bactericidal tests 
on shed blood have been largely nega- 
tive. Foshay' and Alexander? have cor- 
related protective antibody with the 
precipitating capacity of antiserum, 
using carbohydrate as antigen. Larson’ 
and Foshay‘ have shown that rats could 
be protected by the injection of anti- 
serum, and Foshay’ states that immune 
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goat serum has therapeutic value in 
man. Francis and Felton® however, were 
unable to show protection in mice after 
injection with antiserums from rabbit, 
horse, sheep, and man. All attempts in 
our laboratory to develop a protective 
test for mice using virulent challenge 
strains have been negative. Since mice 
are protected from multiple lethal 
challenge doses after they have re- 
covered from with Bact. 
tularense of low virulence,’ and since 
rats are more solidly immune after re- 
covery from infection than after vac- 
cination with killed cultures,® it seemed 
desirable to try to develop a reliable 
test which could measure the protective 
effect of a serum containing antibodies 
resulting from the injection of killed 
cultures or from infection, so that the 
effect of circulating antibodies could be 
correlated with the resistance of the in- 
tact animal to challenge. 

We therefore proposed to try to de- 
velop a protective test in the white 
mouse, using from various 
sources and using a challenge strain of 
lowered virulence rather than a com- 
pletely virulent strain. 


infections 


serum 
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METHODS AND MATERIALS 


Experimental animals.—The white mouse was 
selected as the test animal because its susceptibil- 
ity to tularemia can be determined quantita- 
tively and because it can be immunized by in- 
fection with strains of lowered virulence. The 
mice employed in these investigations were ob- 
tained from the Maple Grove Rabbitry, Spring- 
field, Missouri. They were selected without 
respect to sex, and their weights approximated 
20 g. 

Strain of Bact. tularense—The Jap strain was 
employed as the antigen for the production of 
immune mouse serum and as the challenge strain 
unless indicated otherwise. This strain was 
chosen because it represents a strain of moderate 
virulence, and because it is highly imunogenic in 
the white mouse in sublethal doses. It has an 
approximate LDsgo of 500,000 organisms for the 
white mouse when inoculated intraperitoneally 
or subcutaneously. The Jap strain was isolated 
in Japan in 1926 from a human lymph node. 

Mouse protection test—The immune serum 
to be tested for protective capacity was obtained 
in the following manner: A saline suspension of 
the Jap strain of Bact. tularense was prepared 
from a 24-hour culture grown on glucose cysteine 
blood agar (GCBA) slants to give a 24% light 
transmission in the Coleman spectrophotometer 
at a wave length of 600. This standard suspension 
contained approximately 1 to 410° organisms 
per ml. Decimal dilutions were prepared in 0.85% 
sodium chloride solution. An immunizing dose of 
0.5 ml of a 107° saline suspension containing ap- 


proximately 50,000 organisms was inoculated in- 


traperitoneally into each of the desired number 
of white mice. Each immunized mouse in this 
group was bled from the heart on either the 5th, 
6th, or 7th post-inoculation day. The blood was 
pooled, kept at 4 C overnight, and the serum was 
separated on the following day. To demonstrate 
the protective capacity of the serum, equal quan- 
tities of this serum and the challenge dose of the 
Jap strain were mixed and inoculated im- 
mediately into white mice. The challenge con- 
sisted of 0.5 ml of a suspension of Bact. tularense, 
containing approximately 1107 to 1X 108 cells. 
The test mice were observed for a period of 10 
days. The day of death was recorded and the 
mortality percentage was computed. Surviving 
mice were challenged with 1000 LDy of the 
highly virulent Schu strain of Bact. tularense. 

A mouse protection index was calculated in a 
manner similar to that of Meyer and Foster.® 


9. Meyer, K. F. and Foster, L. E. 1948, Measure- 
ment of protective serum antibodies in human 


Meyer, in his work on the plague bacillus, desig- 
nated the percentage mortality divided by the 
average time of death as the mouse protection 
index (MPI). A small number represents greater 
protection than a large number. Because of varia- 
tion in susceptibility of the white mouse and 
variation in the time in which different strains 
of Bact. tularense killed white mice, all experi- 
ments were controlled by employing normal 
mouse serum. In this manner, it was possible to 
calculate an MPI for the immune serum em- 
ployed, and an MPI for the normal serum em- 
ployed. For further verification of the protective 
capacity of serum, a protective ratio (PR) was 
calculated. This is a direct comparison of the 
MPI of the normal serum to the MPI of the im- 
mune serum. A PR of 1 represents no protection. 

Agglutination tests—A formalinized suspen- 
sion of the 38 strain of Bact. tularense was used as 
antigen. The turbidity of the suspension was pre- 
pared to match a standard suspension as defined 
above. Twofold saline dilutions of serum were 
made employing 0.2 ml transfers. The suspen- 
sions were kept at 4 C overnight and read on the 
following day. 

Adsorption tests—Immune serum was ad- 
sorbed by using a very heavy suspension of cells, 
living or killed as stated in the experiments, in a 
small volume of saline. The serum-cell suspension 
was kept overnight at 4 C. The serum was cleared 
of cells by centrifugation and a rapid slide ag- 
glutination test was performed to check for com- 
plete adsorption. When viable cells were em- 
ployed, a sample of serum was plated to deter- 
mine sterility of the supernate. 

Serums tested.—In the routine mouse protec- 
tion test the serum employed was obtained from 
immunized mice as stated above. The data per- 
taining to the serums used ‘to test for cross- 
species protection were as follows: The rat serum 
was collected 6 weeks after immunization and 
showed an agglutinin titer of 1:80. The rabbit 
serum which had been stored for 14 months 
showed an agglutinin titer of 1:2560. The guinea 
pig serum was collected 8 weeks after immuniza- 
tion and showed an agglutinin titer of 1:2560. 
The human serum was collected 4 months after 
a subclinical infection and showed an agglutinin 
titer of 1:2560. 


EXPERIMENTAL RESULTS 


The following experiments were con- 
ducted in a study of the protective 
capacity of immune serum: 


volunteers inoculated with plague prophylac- 
tics. Stanford Med. Bull. 6: 75-79. 





PROTECTIVE ANTIBODY AGAINST BACT. TULARENSE 


TABLE 1.—Development and duration of protective antibodies in mouse serum 
following active immunization. 


Inoculum: Test mice* 


Control micet 





Jap serum 
and living 
Jap cells 


ADD} 


Dead 


z 


ADD} 





1x107 


Be acoacdcadcse 


MOeNEWNEDAD 
) 
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* The test mice received Jap immune serum plus the inoculum indicated. 
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t The control mice received normal serum plus the inoculum indicated. 


} Average day of death. 


Development and duration of protec- 
tton.—Each mouse of a group of normal 
mice was inoculated with 40,000 living 
organisms of the Jap strain. Ten to 
fourteen of these mice were bled on the 
day indicated in table 1. A mixture of 
0.5 ml of serum and 0.5 ml of Jap 
organisms was inoculated intraperi- 
toneally into 6 to 10 white mice. The 
results presented in table 1 indicate 
that there is apparent on the 3rd to 5th 
days some evidence of a protective ca- 
pacity in immune serum which remained 
for at least 7 weeks. An irregularity in 
the degree of protection obtained may 
be noted. 

Minimal amount of serum necessary 
for protection—A series of protection 
tests was carried out on various amounts 
of serum ranging from 1.5 ml to 0.001 
ml. The results are presented in figure 1. 
Serum in amounts of 0.01 ml protected 
mice against the challenge dose. The 
PR obtained with 0.0075 ml of serum 
was low, and the PR continued to de- 
crease with a decrease in the amount of 
serum employed. No protection was 
obtained with 0.001 ml of serum. It is 
also seen from figure 1 that the degree 
of protection was not greatly aug- 
mented by an increase in the amount of 


serum employed, once a_ sufficient 


amount was introduced into the mouse 
to afford protection. 

Comparison between protection and 
agglutinin content of immune serum.— 
An inoculum consisting of 43,500 living 
Jap cells was given to each of 200 white 
mice. Ten mice from this group were 
sacrificed daily, beginning on the 2nd 
day following the inoculation. Of these 
10 mice, 3 were bled separately to deter- 
mine the agglutinin titer. The excess 
serums from these 3 mice were added to 
the pool of serum obtained from the 7 
mice. Protection tests were performed 
daily on this serum by the inoculation 
of 6 normal mice with a combination of 
0.5 ml of a Jap suspension of approxi- 
mately 110° cells and 0.5 ml of the 
immune serum. On the 15th postinocula- 
tion day, the remaining mice from the 
original group of 200 were given a 
‘booster dose’’ of approximately 4 x 10° 
Jap cells. Agglutination tests and pro- 
tection tests were performed daily on 
the serums of these mice for the follow- 
ing 7 days. The results of this experi- 
ment are presented in figure 2. 

From these results it is apparent that 
protection is evident before an aggluti- 
nation titer is demonstrable. The pro- 
tective substance is present on the 3rd 
day and rises sharply on the 4th day. 
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Minimal amount of serum necessary for protection. Line indicates the protective ratio 


obtained with amount of immune serum employed, as indicated at the respective points. 
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Comparison of agglutinins and protective antibody. Line indicates the protective ratio. 


lhe bars indicate the average agglutinin titers of 3 mice. 





PROTECTIVE ANTIBODY AGAINST BACT. TULARENSE 


The first evidence of an agglutinin titer 
is seen in 1 out of 3 mice on the 4th day, 
2 out of 3 mice on the 5th day, and 3 out 
of 3 mice on the 6th day. The agglutinin 
titer of the serums of the 3 mice-tested 
reached a peak on the 10th to the 13th 
day. Following the booster dose, the 
response in titer was immediate, with a 
peak reached on the day following re- 
inoculation. The protective capacity re- 
mained in evidence throughout the 
daily tests. In response to the booster 
dose, the protective capacity increased 
gradually to reach a peak on the 5th day 
following re-inoculation. Neither the ag- 
glutinin titer nor the PR reached a 
negative point at the termination of the 
experiment. The variation found in 
agglutinin response by the individual 
mouse is apparent. 

Heat stability of the protective sub- 
stance.—Immune serum was collected 
from mice which had survived an inocu- 
lation of the Jap strain. This serum was 
divided into 4 equal parts. One pool of 
serum remained untreated. The other 
3 were heated for one-half hour at 56, 
60 and 65 C, respectively. The 4 pools 
of serums were then added in equal 
portions to saline suspensions contain- 
ing 3.4X10* Jap cells. The results of 
the protection tests carried out on the 


heated and unheated serums showed 


that there was no significant loss in pro- 
tection due to the temperatures used. 
The average MPI of the heated serums 
was 11, the PR 3, whereas the MPI of 
the controls was 36. 


Cross-species protection.—Immune 
serums obtained from the rat, rabbit, 
guinea pig, and human, as described 
above, were employed in the routine 
protection test with the mouse. The 
PR’s obtained, as seen in table 2, in- 
dicate excellent protective effect of all 
serums against infection in the mouse 
with Bact. tularense. 

Adsorption of the protective substance. 
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ducted as previously described. To test 
the protective capacity of adsorbed and 
unadsorbed immune serums, equal vol- 
umes of each were added to a 10~ dilu- 
tion of-a standard suspension of Jap 
cells and used as inoculums for 2 groups 
of normal mice. Adsorbed and unad- 
sorbed normal mouse serums were used 
as controls. The organisms used for 
adsorption were living Jap cells, boiled 
Jap cells, or living 38 cells. It is evident 
from the results shown in table 3 that 
the protective substance was adsorbed 
from immune serum either by viable or 
dead cells of the homologous strain or 
viable heterologous cells. 

Killed cells for the production of pro- 
tective serum.—Since it has been found'® 
that an original inoculum of 10‘ Jap 
cells multiplies in the mouse to approxi- 
mately 10° cells (combined number in 
heart blood, spleen, and liver) within a 
5-day period, an inoculum of this order 
of boiled Jap cells was used to approxi- 
mate the height attained by multiplica- 
tion. A suspension of living Jap cells ap- 
proximating 4X10* cells per ml was 
employed for control purposes. Two 
groups of 25 mice each were inoculated 
intraperitoneally with the 2 suspensions. 

On the 5th postinoculation day, 5 
mice from each group were challenged 
with 2000 LDgo of the Schu strain. There 
were no survivors in the group of 5 mice 
which had received the boiled Jap cells. 
There were no deaths in the group of 5 
mice which had received the living Jap 
cells. 

The remaining 20 mice in each group 
were bled from the heart on the 5th 
postinoculation day. The serums which 
were collected into 2 pools were added 
10. Downs, C. M. and Woodward, J. M. 1949, 

Studies on pathogenesis and immunity in 
tularemia. III. Immunogenic properties for 
the white mouse of various strains of Bac- 
terium tularense. J. Immunol. 63: 147-163. 
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TABLE 2.— Protective capacity of serum from various species for the mouse. 





Test mice 


Control mice 





Serum* and dose 

of Jap cells a 
Tested 

Rat +2.7 X10° 
Rat +2.7 x10* 


17/20 
8/20 


PR 


ADDt MPI 





83 


1. 
1. 63 





Rabbit +3 108 18/20 
Rabbit +3 X10? 7/20 


77 
» 





Guinea pig +4.4 X10° 
Guinea pig +4.4 108 


13/20 
6/19 
Human +1.5 X10* 11/20 


* Agglutinin titers of the serums employed were: rat—1:80, 
t Average day of death. 


to equal volumes of a saline suspension 
containing 10° Jap cells for the usual 
mouse protection test. The results 
showed that a protective serum may be 
produced equally well by living or killed 
Jap cells as antigen, since the MPI of 
serum produced with boiled cells was 
21, the PR 3, whereas the MPI of the 
serum produced with living cells was 14 
and the PR 4. The respective mortali- 
ties were 85 and 75%. The MPI of the 
control serum was 56 and the mortality 
100%. 

Avirulent strain 38 as antigen for the 
production of protective serum.—It was 
of interest to compare a strain known to 
be incapable of producing a clinical in- 
fection in the white mouse with a strain 
of known infectivity by using each 
strain as antigen for a protective serum. 
Accordingly, 2 groups of mice were 
inoculated with 104 Jap cells and 108 38 
cells, respectively. The routine protec- 


Serum and challenge dose 


ADD? 


100 
77 


50 


2 
6 
3 
0 
0 
3 
0 


rabbit—1:2560, guknea 


pig—1:2560, human—1 : 2560. 


tion test was conducted on the serums 
obtained from the 2 groups. Good pro- 
tection was obtained from either pool 
of serum. The MPI for Jap antiserum 
was 5 and the PR 15. The mortality was 
29%. For the 38 antiserum, the MPI 
was 2, the PR 32, and the mortality 
11%. Therefore, the 38 strain which is 
not sufficiently immunogenic in white 
mice to give active immunity against 
virulent strains appears to induce the 
formation of protective antibodies. The 
MPI of the normal serum was 77, with 
100% mortality. 

Minimal amount of antigen necessary 
to produce the protective serum.—Serial 
10-fold saline dilutions of a standard 
suspension of Jap cells consisting of ap- 
proximately 6 to 60,000 organisms were 
employed as antigen. Five days follow- 
ing the intraperitoneal inoculation of 
these amounts into 5 groups of mice, 
the serums were collected and used in 


TABLE 3.—Adsorption of the protective antibody from immune serum. 





Test mice* 


MPI Dead 





Unadsorbed immune serum +2.7 X108 % 
Jap cells 


Serum adsorbed with living Jap cells 
+2.7 108 Jap cells 24/24 
Serum adsorbed with boiled Jap cells 
+2.8X108 Jap cells 17/18 
Serum adsorbed with living 38 cells +1 


X10" Jap cells 11/il 1.4 


* Test mice received immune serum treated as indicated plus the inoculum shown. 


71 


¢ Control mice received normal serum treated as indicated for the immune serum plus the inoculum shown. 


t Average day of death. 
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TABLE 4.— Minimal effective inoculum of 
antigen for protective antibody response. 


Amount of 
antigen 








Control micet 


6/7 


* Test mice received 0.5 ml of the “immune serum” 
obtained from mice inoculated with the amounts of Jap 
cells indicated plus 1 X10* Jap cells. 

t Control mice received 0.5 ml normal serum plus 1 X10* 
Jap cells. 

t Average day of death. 


the mouse protection test. The data 
from table 4 indicate the minimal inocu- 
lum which produces a_ protective 
serum. A PR of 5.6 was obtained from 
serum produced by the injection of 
6.7 X10? cells. When 6.7 X10! cells were 
used as the immunizing dose, the PR 
dropped to 0.69, indicating no protec- 
tion. The data also indicate some rela- 
tionship between increasing amounts of 
antigen and increasing PR. 

Effect of alteration in the routes of in- 
oculation on protection.—The usual man- 
ner of inoculation in the mouse pro- 
tection test was the intraperitoneal 
inoculation of equal parts of serum and 
challenge doses simultaneously. In order 
to establish the fact that variation from 
this routine procedure had no effect on 
the protective capacity of immune 
serum, the following inoculations were 
made: Each mouse in the 1st group re- 
ceived 0.5 ml immune serum intra- 
peritoneally into the lower left quad- 
rant, followed immediately by 0.5 ml of 
the cell suspension, containing 10° Jap 
organisms, intraperitoneally into the 
lower right quadrant. Each mouse in 
the 2nd group received 0.5 ml of immune 
serum intraperitoneally into the lower 
left quadrant, followed immediately by 
0.5 ml of the cell suspension subcutane- 
ously over the lower left quadrant. 
Each mouse in the 3rd group was given 
0.5 ml immune serum subcutaneously 
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over the lower left quadrant, followed 
immediately by 0.5 ml of the cell suspen- 
sion subcutaneously over the lower right 
quadrant. Each mouse in the 4th group 
received a mixture of serum and cells 
intraperitoneaily into the lower left 
quadrant, employing the routine pro- 
cedure. Each mouse in the groups of 
control mice received normal mouse 
serum and organisms by identical 
routes of inoculation. Since the MPI 
resulting from the various tests ranged 
from 7 to 13 and the PR from 10 to 5, 
it is apparent that the same degree of 
protection was conferred by the various 
modes of inoculation. The average 
mortality for the test mice was 46% and 
100% for the control mice where normal 
serum was used. The MPI for the con- 
trol mice ranged from 63 to 67. 


DISCUSSION 

The results reported indicate that 
mice receiving serum containing anti- 
bodies against Bact. tularense are pro- 
tected against a challenge dose of living 
cells of lowered virulence, but this pro- 
tection is very incomplete. There is 
variation in the degree of protection 
afforded by immune serum, and this 
probably is due to the content of a 
protective antibody in the immune 
serum which is not strictly correlated 
with the agglutinin content. It is neces- 
sary to use a pool of serum from large 
groups of immune mice in order to ob- 
tain a more stable trend. 

The average MPI obtained for the 
test mice was 15.2 and for the control 
mice 57.6. Meyer"! has stated from ex- 
periments on animals with Pasteurella 
pestis that the protective index should 
11. Meyer, K. F., Foster, L. E., Baker, E. E., 

Sommer, H. and Larson, A. 1948, Experi- 

mental appraisal of antiplague vaccination 

with dead virulent and living avirulent 
plague bacilli. Proc. Fourth Internat. Cong. 


Trop. Med. & Mal. Washington, D. C., May 
10-18, pp. 264-274. 
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be at least one-half of the normal index 
in order to obtain a high rate of survival 
from infections which are invariably 
fatal to controls. He also found® that an 
MPI below 10 in guinea pigs indicates 
a high percentage of survival in massive 
infections with the plague bacillus. In 
the case of Bact. tularense a challenge 
dose of the Jap strain usually killed 
100% of the controls in 1 or 2 days. Im- 
mune serum did nat protect 100% of 
the test mice against this dose, but the 
survival time and the survival percent- 
age were increased noticeably from that 
of the control animals. An arbitrary 
limit was set for an acceptable numeri- 
cal expression of protection. From the 
results obtained, it appeared that a PR 
above 2 indicated protection. More sig- 


nificance was attached to the ratio 


(PR) obtained by a comparison of the 
indices of control and test mice than 
the MPI of either alone. 

In comparison of the protective anti- 


body and agglutinins several differ- 
ences were noted. The protective anti- 
body appeared between the 3rd and 5th 
day, while demonstrable agglutinins did 
not appear until the 5th or 6th day fol- 
lowing inoculation. The protective ca- 
pacity lasted at least 7 weeks, but be- 
came more irregular toward the latter 
part of the test period. Demonstrable 
agglutinins, however, disappeared after 
15 days following one injection of 4 104 
Jap cells (fig. 2). The agglutinin re- 
sponse was immediate following a 2nd 
inoculation, but a rise in the protective 
antibody content was not apparent 
until 3 days later. The response of 
agglutinins, in general, was not as great 
following the booster dose as the initial 
response. These results suggest that the 
2 antibodies are a separate response, 
and that the protection derived from 
immune serum is not correlated with 
the agglutinin titer. These findings are 
in agreement with the results obtained 
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by other workers.**? Ruchman and 
Foshay® have reported on an intensive 
study of the agglutinins and active im- 
munity to challenge in mice after vac- 
cination with Bact. tularense. Following 
a single dose of phenolized suspension 
of the Schu strain, they found that white 
mice developed a maximal agglutinin 
titer of 1:40 to 1:80 at 3 to 4 weeks. A 
booster dose administered 6 to 7 weeks 
after the initial vaccination resulted in 
a slight negative phase, followed by a 
peak of 1:640 to 1:1280 in 1 week. No 
resistance could be demonstrated in 
these mice against small numbers of 
living, virulent cells in spite of the ac- 
celerated immune response. The titers 
reported by these workers were con- 
siderably higher than those obtained in 
this study resulting from the injection 
of a sublethal dose of living cells. The 
immune response in the mice observed 
in this study appeared much earlier 
than the time reported by these workers 
and disappeared earlier. It has been 
shown that the immune state in the 
white mouse becomes evident 3 days 
after the immunizing infection with 
strains of lowered virulence.'® This time 
coincides with the appearance of pro- 
tective antibodies and suggests a close 
relation between active and passive im- 
munity. 

The results obtained from the experi- 
ments on species specificity showed that 
the mouse can be protected equally well 
by immune serum produced in the rat, 
rabbit, guinea pig, man or mouse 
(table 3). The antigen which is responsi- 
ble for the production of this protective 
antibody appears, therefore, to show no 
host immunogenic specificity. Because 
a significant difference existed in the 
immunogenic activity of several strains 
of avirulent plague bacilli for the mouse 
and for the guinea pig, Meyer et al" 
were led to the discovery of the complex 
antigenic make-up of that organism. 
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A somewhat similar host immunogenic 
specificity is apparent in Bact. tularense 
in active immunity, in that strains 
which immunize rats do not immunize 
mice. This may indicate the possibility 
that antigenic differences between 
strains exist which are brought out by 
host differences, but which are not ap- 
parent in serological tests. However, it 
apears that the antigen responsible for 
the protective antibody in the strain 
employed is equally active immuno- 
genically in the various species studied. 

By the use of adsorption tests, it was 
found that viable or killed cells of the 
homologous or heterologous strain were 
able to adsorb the protective antibody 
from immune serum (table 3). These re- 
sults indicate that a common antigen is 
involved in the production of protective 
serum. The fact that the avirulent 38 
strain was able to adsorb the protective 
substance, although this strain cannot 
produce a clinical infection in the mouse 


and does not induce active immunity, 
indicates that the antibody may be only 
a small part of the complete immunity 
mechanism in this disease. The antigen 
which produces the protective substance 
is present in living or dead cells. The 
injection of heat-killed cells or phenol- 


ized cells can produce an antibody 
which will passively protect a normal 
mouse against the low and moderately 
virulent strains. However, the mouse 
which produced this protective antibody 
is not refractory to a challenge of a 
fully virulent strain. The injection of as 
little as 200 viable Jap cells as an initial 
dose enables the mouse to overcome 
100 LDs5o of the Schu strain.’° Without 
this immunizing infection, the mouse is 
susceptible to 1 Schu cell. From previous 
work"’ it is known that all immunogenic 
strains of Bact. tularense multiply in the 
white mouse. It seems probable that in 
order to induce a state of active im- 
munity against fully virulent strains, 
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some process involved during multipli- 
cation of the organisms within the host 
must take place. The immunity con- 
ferred by passive transfer at best gives 
an incomplete immunity, expressed as 
partial protection against strains of 
relatively low virulence and little or no 
protection against fully virulent strains. 
It is known in the case of anthrax bacil- 
lus that the interaction of the growing 
organisms and the host fluids causes the 
production of a “protective’’ antigen.” 
This antigen gives rise to an active 
immunity which cannot be transferred 
passively. The evidence that solid im- 
munity is conferred upon the host after 
infection with Bact. tularense points 
toward a similar mechanism but has not 
been demonstrated. 

A striking similarity exists between 
the minimal effective antigen for the 
production of active immunity and the 
production of protective antibodies. It 
was shown!’ that 200 Jap cells as the 
initial dose served to confer a solid im 
munity to infection. From table 4 it is 
seen that 600 Jap cells were the minimal 
effective inoculum for the production 
of the protective substance. This num- 
ber represents the threshold of stimula- 
tion below which no protection can be 
demonstrated. Since the work cited'® in- 
dicated that stimulation of an immune 
response was possible with 20 Jap cells, 
it is apparent that the protection test is 
not sufficiently sensitive to detect the 
slight degree of immunity elicited by 
this small dose of cells. Although differ- 
ences in antigenic structure of various 
12. Watson, D. W., Cromartie, W. J., Bloom, 

W.L., Heckly, R.J., McGhee, W. J. and Weiss- 
man, N. 1947, Studies on infection with 
Bacilius anthracis. V. The isolation of an in- 
flammatory factor from the crude extracts 
of lesions of Bacillus anthracis infection and 
its biological and chemical relationship to 
glutamyl polypeptide. J. Infect. Dis. 80: 
121-136. 
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strains of Bact. tularense have not been 
demonstrated by serological tests, work 
by Downs" and a report by Eigelsbach"* 
have indicated that immunogenic and 
nonimmunogenic clones of Bact. tula- 
rense may be selected from various 
strains. It is possible, therefore, that 
the strains which have been reported as 
poor immunizing agents'® are deficient 
in the immunogenic antigen or cannot 
multiply sufficiently in the animal to 
produce it. This has been proven to be 
the case with some avirulent strains of 
the plague bacillus." In this case, anti- 
gen analysis of the different avirulent 
strains of poor immunogenicity in mice 
was shown to vary significantly in the 
content of fraction I, which is believed 
to be responsible for this activity. 

Exactly what pathway the immunity 
mechanisms follow in a tularemic infec- 
tion is not clear. It is apparent that 
union of the serum antibodies and bac- 
terial cells before introduction into the 
animal is not necessary, since the evi- 
dence presented concerning the different 
routes of inoculation shows clearly that 
the route of inoculation of serum and 
organisms does not alter the protection 
afforded by immune serum. 

Foshay has shown* that there is good 
correlation between the precipitin con- 
tent of immune serum of rats and its 
protective capacity. This observation 
was made by employing the phenol- 
extracted polysaccharide of acetone- 
dried cells of Bact. tularense. More re- 
cently, Alexander*® has furthered this 
observation with a study of the quanti- 
tative antibody response of infected or 


13. Downs, C. M. and Moody, M. To be pub- 
lished. 

14. Eigelsbach, H. T., Braun, W. and Herring, 
R. D. 1951, Studies on the variation of Bac- 
terium tularense. J. Bact. 61: 557-569. 
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vaccinated humans. She was able to 
demonstrate that adsorption of immune 
serum with the phenol-extracted poly- 
saccharide removed the protective ca- 
pacity of the serum for rats. The fact 
that antiserum to Bact. tularense is pro- 
tective for the rat or mouse can no 
longer be questioned. The protection 
test as reported in this paper with the 
use of a strain of lowered virulence for 
challenge and a uniformly susceptible 
host provides an instrument for observa- 
tion of immunologic problems involved 
in this disease. 

The results presented here indicate 
clearly that circulating antibodies pro- 
vide a cerfain amount of protection to 
the susceptible animal, but that this de- 
gree of protection is insufficient to over- 
come infection with a virulent strain, 
whereas solid protection is conferred by 
recovery from infection with a strain of 
lowered virulence. Although circulating 
antibodies may play some role in pro- 
tection, the most effective role appears 
to be played by the tissues of the intact 
animal. 


SUMMARY 


Protective antibodies against Bac- 
terium tularense can be demonstrated by 
the injection of white mice with immune 
serums from mice, rabbits, rats, guinea 
pigs, and man, when a strain of lowered 
virulence is used for challenge. These 
protective antibodies are induced by 
killed or living cells of various strains 
of Bact. tularense, and can be removed 
by adsorption with homologous or 
heterologous strains. The degree of pro- 
tection may be expressed by a mouse 
protection index or the protection ratio 
between normal and immune serum. 
The relation of these protective anti- 
bodies to agglutinins is discussed. 





